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Introduction

There is a major need for new drug discovery in the field of prostate cancer. There is a
particular need for developing new agents to prevent this disease, since screening
techniques are now identifying large numbers of men with early, pre-malignant lesions
in their prostate. Such lesions do not require surgery and are not treatable with
conventional chemotherapy. However, men with this type of pre-malignant condition are
at definite risk for future development of invasive, metastatic prostate cancer which is
life-threatening. This project has attempted to develop a new class of molecules, the
triterpenoids, as chemopreventive agents which could eventually be used to prevent
prostate cancer in men at high risk.

Body

Statement of Work:

Triterpenoids and Prevention of Prostate Cancer

Michael B. Sporn, Principal Investigator

Task 1: To synthesize new triterpenoids and test them as inhibitors of de novo
synthesis of iNOS and COS-2
"* Continue efforts to make new triterpenoid molecules
"* Perform assays by Northern blot analysis to determine effects on

transcription of iNOS and COX-2 genes
"* Perform assays by Western blot analysis to determine effects on

synthesis of new iNOS and COX-2 proteins.
Task 2: To evaluate new triterpenoids as inhibitors of growth of prostate cells

* Perform assays on NRP-152 and NRP-154 prostate cells
Task 3: To evaluate effects of new triterpenoids on the activity of the iNOS and COX-

2 promoters
0 Perform necessary CAT and luciferase assays with respective promoters

Task 4: Attempt to identify new receptors for triterpenoids

Synthesis of New Triterpenoids (Task 1)

We have made excellent progress in the synthesis of new synthetic triterpenoids during
the past three years. We are attaching two reprints and a preprint to document this
statement. The reprints are: "Novel synthetic oleanane and ursane triterpenoids with
various enone functionalities in ring A as inhibitors of nitric oxide production in mouse
macrophages" by Honda, T., Gribble, G. W., Suh, N., Finlay, H. J., Rounds, B. V., Bore,
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L., Favaloro, F. G., Wang, Y., and Sporn, M. B., published in Journal of Medicinal
Chemistry, 43:1866-1877, 2000; and "Synthetic oleanane and ursane triterpenoids with
modified rings A and C: A series of highly active inhibitors of nitric oxide production in
mouse macrophages" by Honda, T., Rounds, B. V., Bore, L., Finlay, H. J., Favaloro, F.
G., Jr., Suh, N., Wang, Y., Sporn, M. B., and Gribble, G. W., published in Journal of
Medicinal Chemistry, 43: 4233-4246, 2000; and the preprint is "A Novel
Dicyanotriterpenoid, 2-Cyano-3,1 2-dioxooleana-1,9(1 1)-dien-28-onitrille, Active at
Picomolar Concentrations for Inhibition of Nitric Oxide Production" by Honda, T., Honda,
Y., Favaloro, F. G., Gribble, G. W., Suh, N., Place, A., Rendi, M., Sporn, M. B.; this
preprint has just been submitted to Bioorganic and Medicinal Chemistry Letters. In
aggregate, the three articles describe the synthesis and biological activity of more than
100 new synthetic triterpenoids, with special emphasis on suppression of the induction
of iNOS (inducible nitric oxide synthase). The most recently made triterpenoids, such
as compounds 4 and 28 in the preprint, are active in the picomolar (10-12 M) range. All
three of the above articles acknowledge support from this grant, DAMD17-98-1-8604.

In addition to the pentacyclic triterpenoids described in the above reprints, we have also
been attempting to simplify the structural requirements for inhibition of de novo
synthesis for iNOS. Accordingly, we have just completed the synthesis of 9 new
tricyclic structures, which are triterpenoid-like bis-enones. The structures of these new
molecules, labeled TBE-001 to TBE-009, are attached. Please note that all 9 of these
new molecules are simplified structural analogues of the highly potent triterpenoid,
CDDO, which is described in the above mentioned reprints. The activity of TBE-009, as
an inhibitor of induction of iNOS, is only 1 log less than that of CDDO itself, and we are
therefore optimistic that this series of new analogues will be found to be useful agents
themselves.

Biological Assays of New Triterpenoids (Task 2)

"* Northern blots to measure suppression of de novo synthesis of iNOS mRNA. Data
on page 13 show that when NRP-152 or NPR-154 prostate cells are treated with the
combination of LPS (30 ng/ml) and TPA (30 ng/ml) there is major induction of new
mRNA for iNOS. Simultaneous treatment of these prostate cells for 10 hours with
CDDO (1 micromolar) or the triterpenoid, TP-82 (3 micromolar) causes almost total
inhibition of this induction of iNOS. Page 13 also shows that the parent substance
for the synthesis of CDDO or TP-82, namely oleanolic acid, is inactive in this regard.

" Western blots to measure suppression of de novo synthesis of iNOS protein. Data
on pages 14 - 18 show results with Western blots for iNOS protein, which confirm
the Northern blot data shown in the previous section. Moreover, page 14 also
shows that CDDO and TP-82 are essentially inactive in blocking de novo induction
of COX-2 protein in NRP-152 cells.
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Biological activity of new tricyclic bis-enone compounds (TBEs). Data on pages 19
and 20 show our first measurements of the biological activity of the new TBEs
described above (TBE-1A, TBE-2A, TBE-3A, TBE-4A, and TBE-5A). The first
measurements that we performed were to measure inhibition of nitric oxide
production in primary macrophages that had been treated with interferon-y (page
19). Peritoneal macrophages were treated with interferon-y (40 ng/ml) to induce
nitric oxide production simultaneously these macrophages were incubated with
either CDDO or one of the 5 TBEs for 48 hours and then nitric oxide in the
supernatant was measured by the Griess Reaction. Page 19 shows that TBE-5A
has substantial inhibitory activity (greater than 50% at 100 nanomolar), while the
other TBEs are somewhat less potent, although all show highly significant activity at
1 micromolar. TBEs have also been found, for the first time, to have substantial anti-
proliferative activity on prostate cells. Thus, on page 20 we show that TBEs 3A, 4A,
and 5A all cause almost total inhibition of thymidine incorporation into DNA in NRP-
152 cells at a concentration of 1 micromolar.

Evaluation of Effects of New Triterpenoids on the Activity of the iNOS and COX-2 Gene
Promoters (Task 3)

As proposed in Task 3, we have obtained data that the synthetic triterpenoid CDDO
suppresses the activity of the iNOS and COX-2 gene promoters. The figure on page 21
shows data for effects of CDDO on the iNOS promoter linked to the luciferase, while the
figure on page 22 shows similar data for the COX-2 promoter. The iNOS promoter is
especially sensitive to CDDO.

Identification of New Receptors for Triterpenoids (Task 4)

We have also been able to show that the synthetic triterpenoid CDDO is a ligand for the
nuclear receptor, PPAR-y. These experiments have been done in collaboration with Dr.
Timothy Willson and Dr. Steven Blanchard, Glaxo Wellcome, Research Triangle Park,
NC. The figure on page 23 shows the result of a receptor-binding assay, which uses
scintillation proximity technology for the measurement of ligands interacting with their
receptors. Full results of these studies have been published in "A synthetic triterpenoid,
2-cyano-3,12-dioxooleana-1,9-dien-28-oic acid (CDDO), is a ligand for the peroxisome
proliferator-activated receptor y" Wang, Y., Porter, W. W., Suh, N., Honda, T., Gribble,
G. W., Leesnitzer, L. M., Plunket, K. D., Mangelsdorf, D. J., Blanchard, S. G., Willson, T.
W., and Sporn, M. B., published in Molecular Endocrinology, 14: 1550-1556, 2000. At
present, there is a great deal of interest in the potential role of PPAR-y in prostate
cancer, and in the future, we intend to explore our important finding of CDDO as a
ligand for PPAR-y. It is possible that PPAR-y agonists and antagonists may turn out to
be useful drugs for prevention or treatment of prostate cancer at some future date.
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TBE-Number TBE-001 A

Structure Date 9/3/99

Quantity 10.0 mg

Known 0l Unknown

NC Solubility
OH

0 H20 EtOH DMSO

>10 mg/mL 0l El 11

1 mg/mL 0l I-l

0.1 mg/mL El LI El
<0.01 mg/mL [] ]

Formula C 19 H 2 5 NO2

Molecular
Weight 299.41 Spectra

mp NMRi MSF-

[cC]D I1R1 EArI

Form Crystal El Amorphous 171 Oil El

Purity > 95 % (by NMR) Note No. FF-1-208-1Page

IUPAC (±)-3-Cyano-8P-hydroxy-1,1 ,4ap3,8a 3-tetramethyl-1,2,4a,
Name 6,7,8,8a,9,10,1 Oac-decahydrophenanthren-2-one

Unstable against air. Store in freezer.
RKeep it under argon.

Supplier Frank G. Favaloro, Jr. Group Name GWG
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TBE-Number TBE-002A

Structure Date 8/6/99

Quantity 10.0 mg

Known 1" Unknown -

NC SolubilityS~OAc

0 H20 EtOH DMSO

>10 mg/mL 0l 17 0I

1 mg/mL 0 F-

0.1 mg/mL 13 Ml 0l

Formula 021 H 2 7 NO 3  <0.01 mg/mL

Molecular
Weight 341.45 Spectra

mp NMRIJ MSE]

[C]D IRE] EALI

Form Crystal [E Amorphous i Oil El
Purity > 95 % (by NMR) Note No. FF-1-191-2

__ _ _ _ _ _ _ _ __ _ _ _ _ PageFF -19 2

IUPAC (±)-3-Cyano-8j3-acetoxy-1, 1,4ap3,8al3-tetramethyl-1,2,4a,
Name 6,7,8,8a,9,10,1 Oac-decahydrophenanthren-2-one

Unstable against air. Store in freezer.Keep it under argon.

Supplier Frank G. Favaloro, Jr. Group Name GWG
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TBE-Number TBE-003A

Structure Date 9/9/99

Quantity 7.6 mg

0 Known 0I Unknown

NC SolIu b ility
-~ OAc

0• H20 EtOH DMSO

>10 mg/mL EI LI LI
1 mg/mL LI r -

0.1 mg/mL 0I LI LI

"Formula <0.01 mg/mL • LI LIFormla C211-251\14

Molecular
Weight 355.43 Spectra

mp NMRI MSLI

[ca]D IRE] EAL]

Form Crystal [I Amorphous 1711 Oil LI

Purity > 95 % (by NMR) Note No. FF-1-206-2Page. F -- 0 -

IUPAC (±)-3-Cyano-8P3-acetoxy-1,1 ,4ap,8ap-tetram'ethyl-1 ,2,4a,
Name 6,7,8,8a,9,10,1 Oac-decahydrophenanthrene-2,6-dione

Unstable against air. Store in freezer.
Keep it under argon.

Supplier Frank G. Favaloro, Jr. Group Name GWG
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TBE-Number TBE-004A

Structure Date 9/13/99

Quantity 7.6 mg

0 Known 0i Unknown I•

NC Solubility
O H ........

0 H20 EtOH DMSO

>10 mg/mL Li 0i Li

1 mg/mL Li i
0.1 mg/mL 0i Li Li

Formula C 1 9 H2 3 NO 3  <0.01 mg/mL

Molecular
Weight 313.40 Spectra

mp NMRi- MS-

[Ct]D IREI EAI-

Form Crystal Li Amorphous Ell Oil Li
Note No.Purity 95 % (by NMR) Note FF-1-207L

IUPAC (±)-3-Cyano-8p-hydroxy-1,1,4a3,8a13-tetramethyl-1,2,4a,
Name 6,7,8,8a,9,1 0,1 0ao-decahydrophenanthrene-2,6-dione

Unstable against air. Store in freezer.
Keep it under argon.

Supplier Frank G. Favaloro, Jr. Group Name GWG

11



TBE-Number TBE-005A

Structure Date 9 /13/99

Quantity 7.5 mg

0 Known LI Unknown j

NC Solubility

0 H20 EtOH DMSO

>10 rmg/mL El LI 17

1 mg/mL El i
0.1 mg/mL LI LI LI

Formula C19H21N0 2  <0,01 mg/mL

Molecular 295.38 Spectra
Weight

mp NMRI[ MSLI

[cCID IRI] EALI

Form Crystal LI Amorphous r Oil LI

Purity 95 % (by NMR) Note No.(by NMR) Page FF-1-207H

IUPAC (±)-3-Cyano-1, 1,4af3,8ap3-tetramethyl-1,2,4a,6,8a,9,1 0,
Name 1 Oaa-octahydrophenanthrene-2,6-dione

Unstable against air. Store in freezer.Keep it under argon.

Supplier Frank G. Favaloro, Jr. Group Name GWG
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Repression of iNOS protein by TP151 (CDDO)
in NRP-152

LPS TPA LPS+TPA

CDDO (pM) 0 0 .1 .3 0 0 .1 .3 1

0" vw 4 iNOS protein

NRP152 cells were treated with LPS (10 ng/ml), TPA (10 ng/ml) or
with LPS plus TPA in the presence or absence of different
concentrations of TP151 (ODDO).for 12 h. Cell lysates were obtained and
used for western analysis for iNOS expression.
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Tricyclic Bis-Enone Compounds on NRP-152 Cells

120

100

_ -- TBE 1A
20 80-"80 --4- TBE 2A
0

0 60 -*-- TBE3A

-e-- TBE 4AC340-
OR TBE 5A

20-

0-
0.01 0.1 1 10

Concentration (RM)

11-8-99 Tricyclic bis-enone (TBE) compounds inhibit growth of NRP-152 rat prostate cells.
Cells were incubated with TBEs for 72 hours in DMEM/F1 2 media containing 1% charcoal-
stripped serum, insulin, dexamethasone, and HEPES. Growth inhibition was measured by
3H-thymidine incorporation.
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Key Research Accomplishments

"* First synthesis of new tricyclic bis-enones structurally related to pentacyclic
triterpenoids

"• Demonstration of potent activity of new triterpenoid, CDDO, for suppression of growth
of prostate epithelial cells

* Demonstration of potent activity of new triterpenoid, CDDO, for suppression of de
novo induction of iNOS mRNA and iNOS protein in prostate epithelial cells

* Demonstration of ability of new tricyclic bis-enones to block induction of iNOS in
primary mouse macrophages

* Demonstration of ability of new tricyclic bis-enones to inhibit growth of prostate
epithelial cells

"* Demonstration that CDDO suppresses the activity of the iNOS and COX-2 gene
promoters

"* Demonstration that CDDO is a ligand for the nuclear receptor PPAR-y.
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I

Reportable Outcomes

Published Manuscripts:
"* "Novel synthetic oleanane triterpenoids, a series of highly active inhibitors of nitric

oxide production in mouse macrophages" by Honda, T., Rounds, B. V., Bore, L.,
Favaloro, F. G. Jr., Gribble, G. W., Suh, N., Wang, Y., and Sporn, M. B. Bioorganic
& Medicinal Chemistry Letters. 9: 3429-3434, 1999.

* "Novel synthetic oleanane and ursane triterpenoids with various enone
functionalities in ring A as inhibitors of nitric oxide production in mouse
macrophages" by Honda, T., Gribble, G. W., Suh, N., Finlay, H. J., Rounds, B. V.,
Bore, L., Favaloro, F. G., Wang, Y., and Sporn, M. B. Journal of Medicinal
Chemistry, 43:1866-1877, 2000.

"* "Synthetic oleanane and ursane triterpenoids with modified rings A and C: A series
of highly active inhibitors of nitric oxide production in mouse macrophages" by
Honda, T., Rounds, B. V., Bore, L., Finlay, H. J., Favaloro, F. G., Jr., Suh, N., Wang,
Y., Sporn, M. B., and Gribble, G. W. Journal of Medicinal Chemistry, 43: 4233-4246,
2000.

"• "A synthetic triterpenoid, 2-cyano-3,12-dioxooleana-1,9-dien-28-oic acid (CDDO), is
a ligand for the peroxisome proliferator-activated receptor y." Wang, Y., Porter, W.
W., Suh, N., Honda, T., Gribble, G. W., Leesnitzer, L. M., Plunket, K. D.,
Mangelsdorf, D. J., Blanchard, S. G., Willson, T. W., and Sporn, M. B. , Molecular
Endocrinology, 14: 1550-1556, 2000.

Manuscript Submitted:
"* "A Novel Dicyanotriterpenoid, 2-Cyano-3,12-dioxooleana-1,9( 1)-dien-28-onitrille,

Active at Picomolar Concentrations for Inhibition of Nitric Oxide Production" by
Honda, T., Honda, Y., Favaloro, F. G., Gribble, G. W., Suh, N., Place, A., Rendi, M.,
Sporn, M. B. Submitted to Bioorganic & Medicinal Chemistry Letters.
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Conclusions

Synthetic triterpenoids represent an important class of new drugs that have potential for
clinical use for prevention and treatment of prostate cancer. However, a great deal
more research will need to be done before this will be clinically practical. In particular, a
whole new set of pharmacokinetic studies will need to be done in the future.
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Abstract: Novel oleanane triterpenoids with modified rings A and C were designed and synthesized. Among
them, methyl 2-carboxy-3,12-dioxooleana-l,9-dien-28-oate showed similar high inhibitory activity (IC 50 = 0.8
nM) to 2-cyano-3,12-dioxooleana-1,9-dien-28-oic acid (CDDO), which we have synthesized previously, against
production of nitric oxide induced by interferon-y in mouse macrophages.© 1999 Elsevier Science Ltd. All rights reserved.

Introduction
In a previous communication' we reported that 2-cyano-3,12-dioxooleana-1,9-dien-28-oic acid (CDDO) (1)

has high inhibitory activity against production of nitric oxide (NO) induced by interferon-*t (IFN-y) in mouse

macrophages (IC 50 = 0.1 nM level). We also showed that CDDO is a potent, multifunctional agent.2 For

example, CDDO induces monocytic differentiation of human myeloid leukemia cells and adipogenic

differentiation of mouse 3T3-L1 fibroblasts. CDDO inhibits proliferation of many human tumor cell lines.

CDDO blocks de novo synthesis of inducible nitric oxide synthase (i-NOS) and inducible cyclooxygenase

(COX-2) in mouse macrophages. CDDO will protect rat brain hippocampal neurons from cell death induced by

3-amyloid. The above activities have been found at concentrations ranging from 10.6 to 10-9 M in cell culture.

In the communication,' we also reported that the combination of a 1-en-3-one functionality with a nitrile

group at C-2 in ring A and a 9-en-12-one functionality in ring C enhances activity very strongly in comparison

with the enhancement by each functionality alone. We therefore designed and synthesized a series of novel

oleanane triterpenoids to survey what combination of ring A with ring C provides highly active compounds.

We have found that methyl 2-carboxy-3,12-dioxooleana- 1,9-dien-28-oate (2) has similar high inhibitory activity

to CDDO and methyl 2-cyano-3,12-dioxooleana-1,9-dien-28-oate (CDDO methyl ester) (3).*3 The new

compound 2 is expected to be an alternative agent to CDDO. In this communication, the synthesis, inhibitory

activity, and structure-activity relationships (SAR) are reported for these analogs.

Chemistry

Modification of Ring A (Schemes 1 and 2)

Initially, we designed and synthesized new olean-12-ene derivatives with a l-en-3-one functionality having

a substituent at C-2 in ring A, 6-9 and 12-18, to discover which substituents enhance activity in comparison

with the lead compound 4, which was reported previously.' Chloride 6 was synthesized in 81% yield from

0960-894X/99/$ - see front matter © 1999 Elsevier Science Ltd. All rights reserved.
P11: S0960-894X(99)00623-X
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epoxide 54 with hydrogen chloride in acetic acid and CHCI 3.5 Halogenolysis of 6 with LiI in DMF6 gave
chloride 7 in 77% yield. Similarly, bromides 8 and 9 were prepared from 5 and 8 (yield, 96% and 76%),
respectively. Compound 11' was prepared in 95% yield by formylation of C-3 ketone 10' with ethyl formate in
the presence of sodium methoxide in benzene.' Nitrile 12 was synthesized in three steps (yield, 30%) from 11
according to the same synthetic route as for 30, which was prepared previously.' Enal 13 was prepared from 11
by phenylselenenyl chloride-pyridine in CH2C1" and sequential addition of 30% H,0 2

9 (yield, 71%; 79% based
on recovered 11). Jones oxidation of 13 gave acid 14 in 30% yield. Methylation of 14 with MeOH under acidic
conditions gave ester 15 in 80% yield. Halogenolysis of 14 gave dicarboxylic acid 16 in 58% yield.
Methylation of 16 with MeOH under acidic conditions gave ester 17 selectively in 70% yield because the
carboxylic acid at C-17 of 16 is very sterically hindered. Amide 18 was prepared selectively in 72% yield from
15 with saturated ammonia-MeOH. Compounds 12 and 14-17 were found to be more active than the lead

compound 4 (see Table 1).
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a: HX/AcOH/CHCI3 , b: Lil/DMF, c: HCO 2Et/NaOMe/PhH, d: NH2OH-HCI/aq EtOH, e: NaOMe/Et2O/MeOH,

f: PhSeCI/AcOEt; 30%H20J'HF, g: PhSeCI/pyr./CH2 Cl,; 30%H20/CHCl2 , h: Jones, i: H2SO,/MeOH,

j: NH3/MeOH, k: Stiles' reagentlDMF, I: CH2N2/Et 2O/rHF, m: KOH/aq MeOH

Modification of Ring C
We already reported the synthesis and inhibitory activity of 3-oxoolean-l-ene derivatives with various

structures of ring C, and among them enones 31-33 are more active than the lead compound 4 (see Table 2).4

Combination of Modified Ring A with Ring C (Schemes 3 and 4)

On the basis of the above results, new oleanane derivatives with modified rings A and C, 2, 22-24, and 27-

29, were designed and synthesized. Isoxazole 20 was prepared from C-3 ketone 19' by formylation (yield,

98%), followed by condensation with hydroxylamine (yield, 74%).10 Cleavage of the isoxazole moiety of 20

with sodium methoxide gave nitrile 21 in 92% yield.'0 Nitrile 22 was prepared from 21 by phenylselenenyl
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Table 1. IC50 (p.M)a Values of Olean-12-ene Derivatives with Modified Ring A

12 17

Ro
AH

compd R, R2  Taft's a' activity

at C-2 at C-17 value of R, IC, (g.M)

34 4 OH CO2H 1.34 27
18 CONH2  CO2Me 1.68 14
35 4 OMe CO2H 1.81 30
15 CO2Me CO2Me 2 0.9
17 COMe CO2H 2.2
14 CO2H CO2Me 2.08 0.8
16 CO2H CO2H 0.07
13 CHO CO2Me 2.15 toxicb

36' CHO CO2H toxicb

8 Br CO2Me 2.84 > 40
9 Br CO2H 7.3

6 Cl CO2Me 2.96 > 40
7 Cl CO2H > 40
12 CN CO2Me 3.3 0.7
30' CN CO2H 0.6
4 ' H CO2H - 5.6

oleanolic acid > 40

hydrocortisone 0.01

chloride in ethyl acetate and sequential addition of 30% H20 2
1 ' (yield, 33%; 57% based on recovered 21).

Halogenolysis of 22 gave acids 23 and 24 in 37% and 16% yield, respectively. Compounds 2 and 27-29 could

not be synthesized according to the similar synthetic route as for 14-17 because Jones oxidation of the

precursor of 2 (aldehyde at C-2) gives an unknown compound instead of 2. They were synthesized according to

the alternative route illustrated in Scheme 4. Ester 26 was prepared in 78% yield from C-3 ketone 254 by Stiles'

reagent (methoxymagnesium methyl carbonate) in DMF,t2 followed by methylation with diazomethane. Enone

27 was prepared from 26 according to the same method as for 13 (yield, 71%; 88% based on recovered 26).

Hydrolysis of 27 with potassium hydroxide in aqueous MeOH gave acid 2 selectively in 78% yield again

because of the steric hindrance of the methoxycarbonyl group at C-17 of 27. Halogenolysis of 2 gave

dicarboxylic acid 28 and monocarboxylic acid 31 in 47% and 24% yield, respectively. Methylation of 28 with

MeOH under acidic conditions gave ester 29 selectively in 82% yield.

Biological Results and Discussion

Inhibitory Activity of Olean-12-ene Derivatives with Modified Ring A

The inhibitory activities [IC 5o (itM) value] of olean-12-ene derivatives with a 1-en-3-one functionality with

a substituent at C-2 in ring A,' 3 oleanolic acid, and hydrocortisone (a positive control) on production of NO

induced by IFN-y in mouse macrophages" are shown in Table 1. These derivatives are arranged according to
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Table 2. IC50 (ý.M)a Values of Oleanane Derivatives with Modified Rings A and C

r C'

compd structure of R, R2  activity
ring C at C-2 at C- 17 ICy0 (g.M)

3 ' CN CO2Me 0.0001
1 CN CO2 H 0.0002

27 CO2Me CO2Me toxic,
29 CO2Me CO 2H 0.1
2 - CO2H CO2 Me 0.0008

28 CO2H CO 2H 0.2
31 4 H CO 2H 0.2
22 O CN CO2 Me 0.02

23 CN COH 0.04

32 H H CO2H 1.4

24 0 CN CO2H 0.07

33 4 H CO2H 2.6

dexamethasone 0.0001

4ICs0 (jiM) values of compounds 1-3, 16, 22-24, hydrocortisone and dexamethasone were determnined
in the range of 0.1 pM-1 jIM (tenfold dilutions). The other compounds were assayed in the range of
0.01-40 jiM (fourfold dilutions). Values are an average of two separate experiments.
bCompounds 13, 27 and 36 were toxic to cells above 1 jiM and were not active below I jiM.

the strength of Taft's a" values"5 of substituents at C-2. These results provide the following interesting SAR:

(1) The relationship between Taft's a' value and activity is not observed.

(2) Methoxycarbonyl, carboxyl, and nitrile groups at C-2 enhance activity. Compounds 12, 14-16, and 30 are

about 10-100 times more active than the lead compound 4.

(3) Hydroxyl, aminocarbonyl, methoxy, chloride, and bromide groups decrease activity.

(4) Formyl group does not show activity, but only toxicity.

(5) Methoxycarbonyl and carboxyl groups at C-17 show similar activity.

Inhibitory Activity of Oleanane Derivatives with Modified Rings A and C

The inhibitory activities [IC5 0 (IiM) value] of oleanane derivatives with modified rings A and C,' 3 and

dexamethasone (a positive control) on production of NO induced by IFN-y in mouse macrophages are shown in

Table 2. These results provide the following interesting SAR:

(1) A 9-en-12-one functionality is the strongest enhancer of activity among structures of ring C. Compound 31

is about 10 times more active than 4.
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(2) 12-En-1l-one and 13-en-1 -one functionalitic:. also enhance activity. Compounds 32 and 33 are about 2-4

times more active than 4.

(3) The combination of a 9-en-12-one functionality with nitrile and carboxyl groups at C-2 provides extremely

highly active compounds. Compounds 2, 3, and CDDO (1) are about 10,000 times more active than 4.

(4) The combination of 12-en- 11-one and 13-en- 11-one functionalities with a nitrile group at C-2 also provides

highly active compounds. Compounds 22-24 are about 100 times more active than 4.

(5) Although compounds 27-29 were also expected to show similar high activity to CDDO from the

perspective of SAR, they did not show high activity.

Currently, further evaluation in vivo for both antiinflammation and chemoprevention of CDDO, 2, and 3

are in progress. Studies on the mode of action of these compounds also are in progress.
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We initially randomly synthesized about 60 oleanane and ursane triterpenoids as potential
anti-inflammatory and cancer chemopreventive agents. Preliminary screening of these deriva-
tives for inhibition of production of nitric oxide induced by interferon-y in mouse macrophages
revealed that 3-oxooleana-1,12-dien-28-oic acid (B-15) showed significant activity (IC5 o0 = 5.6
yM). On the basis of the structure of B-15, 19 novel olean- and urs-12-ene triterpenoids with
a 1-en-3-one functionality having a substituent at C-2 in ring A have been designed and
synthesized. Among them, 3-oxooleana-1,12-diene derivatives with carboxyl, methoxycarbonyl,
and nitrile groups at C-2 showed higher activity than the lead compound B-15. In particular,
2-carboxy-3-oxooleana-i,12-dien-28-oic acid (3) had the highest activity (IC50 = 0.07 yM) in
this group of triterpenoids. The potency of 3 was similar to that of hydrocortisone (IC5o = 0.01
usM), although 3 does not act through the glucocorticoid receptor. Interesting structure-activity
relationships of these novel synthetic triterpenoids are also discussed.

Introduction The high output of nitric oxide (NO) produced by
Oleanane and ursane triterpenoids are pentacyclic inducible nitric oxide synthase (iNOS), which is ex-

compounds with 30 carbon atoms, which are derived pressed in activated macrophages, plays an important
biosynthetically by the cyclization of squalene. 1 The role in host defense. However, excessive production of
group includes a very large number of naturally occur- NO also can destroy functional normal tissues during
ring members that cover an impressive variety of acute and chronic inflammation.5 This phenomenon is
functional groups.2 Many compounds of this group are also closely related mechanistically to carcinogenesis. 6

reported to have interesting biological, pharmacological, Thus, inhibitors of NO production in macrophages are
or medicinal activities similar to those of retinoids and potential anti-inflammatory and cancer chemopreven-
steroids, such as anti-inflammatory activity, suppres- tive drugs. Because oleanolic and ursolic acids are
sion of tumor promotion, suppression ofimmunoglobulin already known to have weak anti-inflammatory and
synthesis, protection of the liver against toxic injury, anticarcinogenic activity,Sa3sbSe&sf we focused our atten-
induction of collagen synthesis, and induction of dif- tion on therapeutic agents of these diseases. For this
ferentiation in leukemia or teratocarcinoma cells.3 purpose, we have adopted an assay system that meas-
However, the potency of these triterpenoids is relatively ures inhibition of NO production induced by interferon-y
weak. There are no systematic studies of structure- (IFN-y) in mouse macrophages 7 as a preliminary screen-
activity relationships based on chemical modification of ing assay system. We synthesized various oleanolic and
oleanane and ursane triterpenoids. 4 We have therefore ursolic acid derivatives and tested them as inhibitors
considered that bioassay-directed systematic drug de- of NO production. As a result, we have identified a series
sign and synthesis of derivatives of oleanolic acid (1) of novel olean-12-ene triterpenoids with a 1-en-3-one
and ursolic acid (2), which are commercially available, functionality having carboxyl, methoxycarbonyl, and
could be of great value in discovering novel structures nitrile groups at C-2 in ring A that show significant
with high biological potency. inhibitory activity (IC50 = 0.01-0.1/uM level) against

production of NO induced by IFN-y in mouse macro-
t Part of this work has been reported in preliminary form: (a) phages. In particular, 2-carboxy-3-oxooleana-1,12-dien-

Honda, T.; Finlay, H. J.; Gribble, G. W.; Suh, N.; Sporn, M. B. New
enone derivatives of oleanolic acid and ursolic acid as inhibitors of nitric 28-oic acid (3) had the highest activity (IC5o = 0.07 pM)
oxide production in mouse macrophages. Bioorg. Med. Chem. Lett. in this group of compounds. The potency of 3 was similar
1997, 7, 1623-1628. (b) Honda, T.; Rounds, B. V.; Bore, L.; Favaloro, to that of hydrocortisone (I~so 0.01/pM), although 3
F. G., Jr.; Gribble, G. W.; Suh, N.; Wang, Y.; Sporn, M. B. Novel
synthetic oleanane triterpenoids: a series of highly active inhibitors does not act through the glucocorticoid receptor. We
of nitric oxide production in mouse macrophages. Bioorg. Med. Chem. report here the synthesis, inhibitory activity, and
Lett. 1999, 9, 3429-3434. structure-activity relationships of these novel triter-
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Table 1. Preliminary Screening Results of Synthetic Oleanane and Ursane Triterpenoids

120 E 1112

1 1 30 17 1 1l3 17
2 -2

A R E
3 3 -

oleanane ursane

inhibition W%

compd skeleton C-3 C-12 C-13 C-17 at 10,uMb ref

1 olean-12-ene fl-OH H C0 2H 38 10
2 urs-12-ene fl-OH H C0 2H 0 15
A-1 olean-12-ene fl-OH H CO2Me 0 10
A-2 urs-12-ene fl-OH H C0 2Me 0 15
A-3 olean-12-ene fl-QAc H C0 2Me 10 10
A-4 urs-12-ene fl-QAc H CO2Me 15 15
A-5 olean-12-ene fi-QAc H C02HI 0 10
A-6 urs-12-ene fl-QAc H C02H{ 0 15
A-7 olean-12-ene fl-OH H CH20H 0 28
A-8 urs-12-ene fl-OH H CH20H 8 29
A-9 olean-12-ene fl-QAc H CH 2OAc 4 28
A-10 urs-12-ene fl-QAc H CH2OAc 0 29
A-11 oleanane fl-QAc oL-OH fl-H CO2Me 0 c
A-12 oleanane fi-QAc fl-OH fl-H CO2Me 0 c
A-13 oleanane fl-OAc 6i-QAc fl-H CH2OAc 0 c
A-14 oleanane fl-OAc c±-OH fl-H CH2OAc 0 c
A-15 oleanane fl-OH ct-OH fl-H CH 20H 48 c
A-l6 oleanane fl-OH fl-OH fl-H CH20H 20 c
A-17 oleanane fl-OH ==0 fl-H C0 2Me 0 10
A-l8 oleanane fl-OAc =0 fl-H C02Me 0 10
A-19 olean-12-ene a-OH H C0 2H 18 30
A-20 urs-12-ene a-OH H C02H 48 31
A-21a oleaane fl-OH ct-OH -0-- -CH(OH)- 21 32
A-22a oleanane fl-OH ct-OH -0- -C0- 13 32
A-23 oleanane fl-QAc: 12a,13aL-epoxy- CO2Me 0 10
A-24 oleanane fl-OH a.-OH fl-OH CH 20H 22 32
B-1 olean-12-ene =0 H C0 2H 16 10
B-2 urs-12-ene =0 H C0 2H 22 33
B-S olean-12-ene =0 H C0 2Me 24 10
B-4 urs-12-ene =0 H CO2Me 16 15
B-5 olean-12-ene =0 H CHO 11 34
B-6 urs-12-ene =0 H CHO 21 34
B-7 oleana-11,13(18)-diene =0 H C0 211 47 c
B-8 oleanane =0 =0 fl-H C02Me 3 10
B-9 oleanane =0 =0 fl-H C0 2H 37
B-10 oleanane =0 =0 fl-H CHO 38
B-1la oleanane =0 aL-Br -0- -C0- 4 10
B-12a oleanane =0 =0 -0- -C0- 0 10
B-13 oleana-1,12-diene =0 H CO2Me 19 9
B-14 ursa-l,12-diene =0 H C02Me 0 d
B-15 oleana-1,12-diene =0 H C02H{ 85 d
B-lB ursa-1,12-diene =0 H C0 2H 41 14
C-1a urs-12-ene =0 H C0 2H 55 c
C-2 olean-12-ene aL-Cl H CO2Me 2 c
C-3 olean-12-ene aL-Cl H C0 2H 0 c
D-1 oleana-2,12-diene H H C0 2Me 3 35
D-2 oleana-2,12-diene H H C02Hl 0 c
D-3a olean-12-ene H C0 2H 0
E-10  A-ring cleaved olean-12-ene H CO2Me 21 36
E-2a A-ring cleaved olean-12-ene H C0 2H 33 37
E-3a A-ring cleaved urs-12-ene H C0 2H 39 37
E-4a A-ring cleaved olean-12-ene H C02H 22 37

E-a A-ring cleaved urs-12-ene H C02H 55 37
E-6a A-ring cleaved urs-12-ene H C0 2H 10 37
F-la C-ring cleaved oleanane fl-QAc CH2OAc 52 c
F-2a C-ring cleaved oleanane fl-QAc CH2OAc 12 c
F-3a C-ring cleaved oleanane fl-OAc CH20Ac 52 c
F-4a C-ring cleaved oleanane =0 C02H{ 28 c
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Table 1 (Continued)

inhibition (%)
compd skeleton C-3 C-12 C-13 C-17 at 10 •Mb ref

G-la olean-12-ene H C0 2Me 0 36
G-2a olean-12-ene H CO 2  51 37
hydrocortisone 80

a Structure shown below this table. b Details of the evaluation method are described in the Experimental Section. c Unknown compound
(synthesis and spectral data will be published elsewhere). d Unknown compound (synthesis and spectral data are shown in this paper).

HO R
0 0

Cl ,.C0 2H C02H

HO 0 C02
eo" o0' ..H

A-21: R = OH, H B-11: R = a-Br, 3-H C-1 D-3
A-22: R = O B-12: R =R

R,

C
2 H

CO 2 R4 ' R4  CO 2 R

HN

E-1: R1 = R4 = Me, R2 =H, R3 =CN F-i: R1 = P-OAc, R2 = CHO, R3 =O, R4 = CH2OAc G-1: R = Me
E-2: R1 = Me, R2 = R4 = H, R3 = CN F-2:R 1 = P-OAc, R2 = CH 2OH, R3 = OH, R4 = CH 2OAc G-2: R = H
E-3: R1 = R4 H R2 = Me, R3 = CN F-3: R1 = ,-OAc, R2 = CO2 H, R3 = 0, R4 = CH2OAc
E-4: R 1 =Me, R2 = 4 = H, R3 = CHO F-4: R1 = R3 =O, R2 = CO 2H, R4 =CO2H
E-5: RI = H, R2 = Me, H3 = CHO
E-6: R1 = R4 = H, R2 = Me, R3 = CO2H

Scheme 1a

R 2  P2 R2

C. 2 Me a CO2 Me b C0 2 H

00

B-3:R 1 = Me, R2 =H B-13: R1 = Me, R2 =H B-15: R 1 = Me, R2 = H
B-4: R1 = H, R2 = Me B-14:R 1 = H, R2 = Me B-16:R 1 = H, R2 = Me

a Reagents: (a) PhSeCl, EtOAc; mCPBA, pyr, EtOAc; (b) LiI, DMF.

compound. Therefore, about 60 oleanolic and ursolic acid penoid-steroid hybrid compounds, 20 and 218 (see
derivatives were initially randomly synthesized. They Table 2). The syntheses of these newly designed deriva-
are divided into seven categories: 3-hydroxy derivatives, tives and compounds B-13-B-16 are illustrated in
A; 3-oxo derivatives, B; chloro derivatives, C; dehydroxy- Schemes 1-6.
oleanane derivatives, D; A-ring cleaved derivatives, E; Ester B-13 9 was synthesized in 62% yield by intro-
C-ring cleaved oleanane derivatives, F; and lactams, G duction of a double bond at C-I of methyl oleanonate
(see Table 1). In the preliminary screen of these deriva- (B-3)10 with phenylselenenyl chloride (PhSeCl) in ethyl
fives for inhibition of production of NO induced by IFN-y acetate and sequential addition of pyridine and m-
in mouse macrophages, 3-oxooleana-1,12-dien-28-oic chloroperbenzoic acid.11 ,1 2 Acid B-15 was synthesized in
acid (B-15) was found to show significant activity 85% yield by halogenolysis of B-13 with lithium iodide
(inhibition: 85% at 10 uM, ICso = 5.6 uM). (See Tables in NN-dimethylformamide (DMF).' 3 Similarly, acid
1 and 2.) B-161 4 was synthesized in 58% yield via ester B-14 from

Design and Synthesis of New Derivatives. When methyl ursonate (B-4).15 Epoxide 229 was prepared in
B-15 is compared with the other derivatives, it has the 99% yield by epoxidation of B-13 with alkaline hydrogen
following features: first, it is an oleanane; second, it has peroxide. Treatment of 22 with sodium methoxide16

a 1-en-3-one functionality in ring A; third, it has a gave enone 23 (yield, 87%; 98% based on recovered 22).
carboxyl group at C-17. We focused our attention on the Diosphenol 24 was synthesized by demethylation of the
1-en-3-one functionality in ring A among these features. methyl enol ether at C-2 of 23 with hydrochloric acid
We therefore designed novel olean- and urs-12-ene in acetic acid (yield, 81%). Halogenolysis of 24 gave acid
triterpenoids with a 1-en-3-one functionality having a 4 (yield, 18%). Halogenolysis of 23 gave a desired partial
substituent at C-2 in ring A, 3-19, and novel triter- demethylated product 5 in 28% (41% based on recovered
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Scheme 2a

0- " o0M C2
B3 a C~~ b MeO.L d MeO ~ C 2B-13 

-- 0Od M

0 O4 C+4+24

22 23 5

C02

HO ., d HO,

4 H

24 4

a Reagents: (a) 30% H20 2, NaOH(aq), THF; (b) NaOMe, MeOH; (c) HCI, AcOH; (d) LiI, DMF.

Scheme 3a

CO2Me CO 2H

o-- -o--22 a X C b XC
0

6:X=CI 7:X=CI

8: X = Br 9: X = Br
OReagents: (a) HX, AcOH, CHCla; (b) LiI, DMF.

23) yield.17 Chloride 6 was synthesized in 81% yield yield. Because this yield was not enough to synthesize
from 22 with hydrogen chloride in acetic acid and derivatives 3 and 17-19 from 16, an alternative route
chloroform.' 8 Halogenolysis of 6 gave chloride 7 in 77% was adopted. Ester 31 was prepared in 74% (89% based
yield. Similarly, bromides 8 and 9 were prepared from on recovered B-3) yield from B-3 by Stiles' reagent
22 and 8 (yield, 96% and 76%), respectively. Hydroxy- (methoxymagnesium methyl carbonate) in DMF, 25 fol-
methylene 2519,20 was prepared in 95% yield by formyl- lowed by methylation with diazomethane. 'H NMR
ation of B-3 with ethyl formate in the presence of showed that 31 is the single tautomer in CDC13 as
sodium methoxide in benzene.2 ' Isoxazole 26 was pre- depicted in Scheme 5. Enone 17 was prepared from 31
pared in 86% yield by condensation of 25 with hydroxyl- according to the same method as for 14 (yield, 83%; 90%
amine. 22 Cleavage of the isoxazole moiety of 26 with based on recovered 31). Hydrolysis of 17 with potassium
sodium methoxide gave nitrile 27 in 99% yield.22 1H hydroxide in aqueous methanol gave acid 16 selectively
NMR showed that 27 is a mixture of three tautomers in 97% yield because the methoxycarbonyl group at C-17
[27a, 27b (2a-cyano), and 27c (2fl-cyano)] and that 27a of 17 is sterically hindered. Halogenolysis of 16 gave
is the major one in CDCla. Enone 10 was prepared in dicarboxylic acid 3 in 58% yield. Methylation of 3 with
88% yield by 2,3-dichloro-5,6-dicyano-1,4-benzoquinone methanol under acidic conditions gave ester 18 selec-
(DDQ) oxidation of 27 in benzene, although the same tively in 78% yield because of the steric hindrance of
method as for B-13 gave 10 in only 35% yield. Halo- the carboxylic acid at C-17 of 3. Amide 19 was prepared
genolysis of 10 gave acid 11 in 71% (91% based on selectively in 96% yield fiom 17 with saturated am-
recovered 10) yield. Similarly, ursane derivative 12 was monia-methanol.
synthesized in 52% yield via 28,20,23 29, and 30 from
B4. Acid 13 was prepared in 74% yield by halogenolysis Biological Results and Discussion
of 12. Enal 14 was prepared from 25 by PhSeCl-
pyridine in methylene chloride and sequential addition The inhibitory activities [IC5 0 (WM) value] of corn-
of 30% hydrogen peroxide 24 (yield, 71%; 79% based on pounds B-1, B-13, B-15, B-16, 1-21, and hydrocortisone
recovered 25). Halogenolysis of 14 did not give acid 15 (a positive control) on NO production induced by IFN-y
but a complex mixture. Therefore, the synthesis of acid in mouse macrophages are shown in Table 2. These
15 from oleanonic acid (B-i)10 was attempted. Formyl- derivatives are arranged according to the strength of
ation of B-1 with ethyl formate in the presence of Taft's a* values26 of substituents at C-2. These results
sodium methoxide in tetrahydrofuran gave 3220 (yield, provide the following interesting structure-activity
45%; 66% based on recovered B-1). Acid 15 was pre- relationships:
pared from 32 according to the same method as for 14 (1) In the A ring, a 1-en-3-one functionality is impor-
(yield, 71%; 84% based on recovered 32). Jones oxidation tant for significant activity. The lead compound B-15
of 14 gave acid 16 in 30% (39% based on recovered 14) is much more potent than the C-3 ketone B-1 and the
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Scheme 4a

R2 R -, R2 j..- R2 R1,.

"R2  R2

B-3 a CO2Me b CO2Me -- I NC CO2Me
B-4 HON H N' I RH

0 b0 HO a

25: R1 = Me, R2 = H 26: R= Me, R2 = H 27a: R1 = Me, R2 = H

28: R1 = H, R2 =Me 29:R 1 =H,R 2 =Me 30a: R1 = H, R2 = Me

, R"2 
R2 N

d CO2 Me e NC 27b: 2a-CN, 27c: 21-CN

H H = 30b: 2a-CN, 30c: 2P-CN

0 0

10: R, = Me, R2 =H 11:R 1 = Me, R2 = H

12:R 1 = H, R2 = Me 13:R 1 = H, R2 = Me

a Reagents: (a) HCO2 Et, NaOMe, Phl; (b) NH20-11HC1, aq EtOH; (c) NaOMe, Et 20, MeOH; (d) DDQ, PhH; (e) LiI, DMF.

Scheme 5a

OHC C 2Me b H 2  . o C 2H

14 16 H z0N

MeO 2C . CO2 H

MeO N M18

c,-dv O eO2C a H2Noc
B-3--d

31 17 19
a Reagents: (a) PhSeC1, pyr, CH 2C. 2; 30% H 20 2, CH 2 C12; (b) Jones; (c) Stiles' reagent, DMF; (d) CH 2N2 , Et 2 O, TBF; (e) KOH, aq MeOH;

(f) LiI, DMF; (g) H 2S0 4, MeOH; (h) NHa, MeOH.

Scheme 6a

b OHC C2

C02H a C02H C0-- C2H
O HON A

= 0,
0 ,H ,H

B-A 32 15

a Reagents: (a) HCO2Et, NaOMe, THF; (b) PhSeC1, pyr, CHsCl2 ; 30% H 20 2 , CH2C12.

C-3 alcohol 1 (oleanolic acid). Also, the ursane derivative particular, 3 showed the highest activity (IC5o = 0.07
B-16 is more potent than the C-3 alcohol 2 (ursolic acid). pM) in this series of compounds. The potency of 3 was

(2) A correlation between Taft's a* values of substit- similar to that of hydrocortisone (IC5o = 0.01 IM).
uents at C-2 and biological activity is not observed. This (4) Hydroxyl, aminocarbonyl, methoxy, chloride, and
result shows that the activity does not depend on the bromide groups decrease activity. Compounds 4-9 and
strength of electron-withdrawing effect of a substituent 19 are much less potent than B-15.
at C-2.

(3) Carboxyl, methoxycarbonyl, and nitrile groups at (5) A formyl group does not confer activity but only
C-2 enhance activity. Compounds 3, 10, 11, 16, and 17 toxicity.
are about 10-100 times more potent than B-15. In (6) 23,24-Dimethyl groups are important for signifi-
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Table 2. Activity of Olean- and Urs-12-ene Triterpenoids with Various 1-En-3-one Functionalities

12 1

R 1
2

2 RR 2  C0 2R

A F1 -

0 , 0 V'o04

24 23 20: R = Me
3-oxooleana-1,12-diene 3-oxoursa-1,12-diene 21: R = H

Taft's a* activityc
compd skeletona RI at C-2 R2 at C-17 value of R1 formula analysesb ICso (uM)

B-13 0 H C02Me C31H46O3  ref 9 31
B-15 0 H CO2 H CaoH 4403-3/4H20 C, H 5.6
20 D H CO2 Me C29H 40 0 3 1/4H 20 C, H >40
21 D H CO2 H C2 sHssOs'l/3H20 C, H 13
B-16 U H C02H CsoH 4 40s ref 14 13
5 0 OH CO 2H 1.34 Co0H-O 4 1/2H 20 C, H 27
19 0 CONH 2  CO 2Me 1.68 C32H 470 4N'3/4H2 0 C, H, N 14
4 0 OMe CO2H 1.81 Cs1H- 460 4 -1/2H 20 C, H 30
17 0 CO 2 Me C0 2Me 2.00 C3s-I5Os C, H 0.9
18 0 CO2 Me C02H 2.00 Cs3H460s C, H 2.2
16 0 COH CO2 Me 2.08 C3 2H460 5"I/2H 2O C, H 0.8
3 0 CO2H C02H 2.08 Cs3H-IO. C, H 0.07
14 0 CHO CO 2Me 2.15 C32114s04 C, H toxicd
15 0 CHO C02H 2.15 Cs3I-O 4 -1/2H2 0 C, H toxicd
8 0 Br CO2Me 2.84 CsH 4 sOsBr C, H >40
9 0 Br CO2H 2.84 C30H 4 3OsBr'H2O C, H 7.3
6 0 C1 COMe 2.96 Cs31-•O3 C1 C, H >40
7 0 C1 CO2H 2.96 CaoH4aOsCII/4H20 C, H >40
10 0 CN CO2Me 3.30 C3 2 H450 3N'1/4H2O C, H, N 0.7
11 0 CN C0 2H 3.30 CsH 4 aOsN-1/2H2O C, H, N 0.6
12 U CN CO 2Me 3.30 CsH4-IOsN-3/4HsO C, H, N 5.1
13 U CN CO 2H 3.30 CsIH4-OsN'H 2 0 C, H, N 6.2
B-1 oleanonic acid CsOHI-IsO ref 10 37
1 oleanolic acid Cs0H 4sOs ref 10 >40
2 ursolic acid Cso-H4sO ref 15 toxic,

hydrocortisone 0.01

a 0, 3-oxooleana-1,12-diene; D, 23,24-dinor-3-oxooleana-1,4,12-triene; U, 3-oxoursa-1,12-diene. b C, H, and N analyses were within ±0.4%
of the theoretical values. c Details of the evaluation method are described in the Experimental Section. ICso values of 3 and hydrocortisone
were determined in the range of 0.1 pM-1/yM (10-fold dilutions). The other compounds were assayed in the range of 0.01-40 /M (4-fold
dilutions). Values are an average of two separate experiments. d Compounds 14 and 15 were toxic to cells above 1 uM and were not active
below 1/M. e Ursolic acid (2) was toxic to cells above 10 /M and was not active below 10 pM.

cant activity. B-15 is more potent than 23,24-dinor- Experimental Section
olean-l-en-3-one derivative 21. General Experimental Procedures. Melting points were

(7) The oleanane skeleton is more potent than the determined on a Thomas-Hoover capillary melting point
ursane skeleton. B-15, 10, and 11 are more potent than apparatus and are uncorrected. Optical rotations were meas-

B-16, 12, and 13, respectively. ured with a Jasco DIP-181 digital polarimeter. UV and IR
(8) The role of methoxycarbonyl and carboxyl groups spectra were recorded on a Hewlett-Packard 8451A UV/VIS

at C-17 is ambiguous. In some analogues, the carboxyl spectrophotometer and a Perkin-Elmer 600 series FTIR spec-
group is more potent than the methoxycarbonyl group: trophotometer, respectively. 'H (300 MHz) and 13C (75 MHz)

e than esters NMR spectra were recorded on a Varian XL-300 Fourier
acids B-15, 3, 9, and 21 are more potent ttransform spectrometer. The chemical shifts are reported in
B-13, 16, 8, and 20, respectively. For other analogues, 6 (ppm) using the 6 7.27 signal of CHCls (1H NMR) and the 6
the carboxyl and methoxycarbonyl groups show similar 77.23 signal of CDCls (13C NMR) as internal standards. Low-
activity: acids 11 and 13 show similar activity to esters resolution mass spectra and high-resolution MS data were
10 and 12, respectively. Lastly, acid 18 is less potent obtained on a Micromass 70-VSE unless otherwise stated.
than ester 17. Elemental microanalysis was performed by Atlantic Microlab

Inc. TLC and preparative TLC (prep-TLC) were performed
The inhibitory activity of new triterpenoids 3 and 11 with Merck precoated TLC plates silica gel 60 F254. Flash

was not blocked by the glucocorticoid antagonist, RU- column chromatography was done with Select Scientific silica
486,27 which reverses the action of hydrocortisone (see gel (230-400 mesh). The standard work up method was as
Figure 1). These data strongly suggest that the actions follows: an organic extract was washed with saturated aque-
of these triterpenoids on the iNOS system are not ous NaHCO3 solution (three times) followed by saturated

mediated by their interaction with the glucocorticoid aqueous NaCl solution (three times), then dried over anhy-
receptor. drous MgSO4 , and filtered. The filtrate was evaporated in

rec thep . bvacuo.

On the basis of these structure-activity relationships, Methyl 3-Oxooleana-1,12-dien-28-oate (B-13).9 A solu-
further lead optimization is in progress. Further biologi- tion of methyl oleanonate (B-3)10 (2.00 g, 4.27 mmol) and
cal evaluation and studies on the mechanism of action phenylselenenyl chloride (98%) (1.00 g, 5.12 mmol) in EtOAc
of 3 are also in progress. (85 mL) was stirred at room temperature for 3 h. To the stirred
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_,120- 23.8, 23.5, 23.2, 21.8, 19.1, 18.8, 17.5. EIMS (70 eV) m/z: 466
0 [M]+ (73), 451 (11), 407 (31), 262 (57), 203 (100). HREIMS:

S1001 Calcd for CsH 460 3 : 466.3447. Found: 466.3446.
0 Methyl 3-Oxoursa-1,12-dien-28-oate (]3-14). B-14 was

"0 80- prepared from methyl ursonate (B-4)15 according to the same
o method as for B-13 to give an amorphous solid (66%): [a] 26D
o60 +93* (c 0.77, CHCl3). UV (EtOH) A.. (log e): 232 (3.95) rm.
-IR (KBr): 2974, 2935, 2871, 1725, 1669 cm-1. 1H NMR

S40- (CDC1): 6 7.06 (1H, d, J = 10.1 Hz), 5.81 (1H, d, J = 10.1
0 Hz), 5.33 (1H, t, J = 3.8 Hz), 3.63 (3H, s), 2.28 (1H, d, J =
C. 20 11.5 Hz), 1.17, 1.15 (each 3H, s), 1.10 (6H, s), 0.95 (3H, d, J =

z 5.4 Hz), 0.87 (3H, d, J = 6.3 Hz), 0.85 (3H, s). '3 C NMR
(CDCls): 6 205.5, 178.2, 159.5, 139.0, 125.2, 125.0, 53.7, 53.3,

0.001 0.01 0.1 1 10 100 51.7, 48.4, 44.7, 42.6, 41.9, 40.5, 39.5, 39.2, 39.1, 36.8, 33.0,
hydrocortisone (gM) 30.8, 28.2, 28.1, 24.4, 23.7, 23.5, 21.8, 21.4, 19.1, 19.0, 17.7,

. 120- 17.2. EIMS (70 eV) miz: 466 [M]+ (14), 406 (12), 262 (74), 203
2 (100). HREIMS: CalcdforCsH4i-Os: 466.3447. Found: 466.3442.
•o100 3-Oxooleana-1,12-dien-28-oic Acid (B-15). A mixture of
o B-13 (100 mg, 0.21 mrnol) and LiI (500 mg) in dry DMF (2
"a 80. mL) was heated under reflux for 6 h. The mixture was acidified
- with 5% aqueous HCl solution and then extracted with a
. 60 mixture of CH9C12 and Et 20 (1:2) three times. The extract waso

0 worked up according to the standard method to give a solid"40 (110 mg). The solid was subjected to flash column chromatog-
2 raphy [hexanes-EtOAc (5:1) followed by hexanes-EtOAc (2:

0 1)] to give B-15 as an amorphous solid (82 mg, 85%): [o] 2%
z +103° (c 0.45, CHC1l). LTV (EtOH) Ama. (log e): 230 (3.75) rim.

IR (KBr): 2941, 2866, 1732, 1695, 1671 cm-'. 'H NMR
0.001 0.01 0.1 1 10 100 (CDCls): 6 7.04 (1H, d, J = 10.2 Hz), 5.81 (IH, d, J = 10.2

trlterpenoid 3 (jiM) Hz), 5.35 (1H, t, J = 3.3 Hz), 2:86 (1H, dd, J = 4.2, 13.4 Hz),
_120 1.16, 1.152, 1.147, 1.07, 0.94, 0.91, 0.84 (each 3H, S). 13C NMR

0 (CDCl1): 6 205.5, 184.5, 159.2, 144.2, 125.3, 122.1, 53.5, 46.8,
S100 45.8, 44.7, 42.1, 41.9, 41.3, 40.2, 39.7, 34.0, 33.3, 32.6, 32.5,

o 30.9, 28.0, 27.8, 26.0, 23.7, 23.5, 23.0, 21.8, 19.0, 18.9, 17.7.
"6 80 EIMS (70 eV) m/z: 452 [M1+ (8.8), 437 (3.8), 406 (6.8), 248

(80), 233 (14), 203 (100). HREIMS: Calcd for C0H44O3:
.60- 452.3290. Found: 452.3289. Anal. (Table 2).

0 40 3-Oxoursa-1,12-dien-28-oic Acid (B-16).14 B-16 was pre-
pared from B-14 according to the same method as for B-15 to

o 20 give an amorphous solid (88%): [(O]26D +91° (c 0.84, CHCl3 ).
UV (EtOH) ;A.. (log e): 230 (3.99) nm. IR (KBr): 3306, 2973,

Z 02930, 2870, 1729, 1695, 1669 cm-1. 1H NMR (CDCls): 6 7.07
0.01 .010. 1 0 00(1H, d, J =10. 1 Hz), 5.82 (1H, d, J =10. 1 Hz), 5.33 (1H, t, J0.001 0.01 0.1 1 10 100 =3.7 Hz), 2.24 (1H, d, J =11.2 Hz), 1.18,1.16, 1.11, 1.09 (each

triterpenold 11 (jiM) 3H, s), 0.96 (3O, d, J = 6.1 Hz), 0.88 (3H, d, J = 6.4 Hz), 0.88
Figure 1. Blockage by glucocorticoid antagonist RU486 of (3H, s). 13C NMR (CDCIa): 6 205.5, 183.9, 159.4, 138.8, 125.3,
hydrocortisone-inhibited NO production but not oftriterpenoid 53.6, 52.9, 48.3, 44.7, 42.5, 41.9, 40.5, 39.6, 39.2, 39.0, 36.8,
(3 and 11) inhibited NO production in primary mouse mac- 32.9, 30.8, 28.2, 28.1, 24.2, 23.7, 23.4, 21.8, 21.3, 19.0, 17.8,
rophages. Macrophage cells were incubated with IFN-y (20 ng/ 17.2. FABMS (NBA) m/z: 453 [M + If]+ (100) (by a Micromass
mL) together with hydrocortisone or triterpenoids without ZAB-SE). HRFABMS: Calcd for C20H44O 3 + H: 453.3369.
RU486 (S); in some cases RU486 (1 MM) was added simulta- Found: 453.3335 (by a Micromass 70-SE-4F).
neously to both hydrocortisone- and triterpenoid-treated cell 2-Carboxy-3-oxooleana-1,12-dien-28-oic Acid (3). A mix-
wells (0). RU486 itself does not interfere with NO production ture of 16 (109 mg, 0.21 mmol) and LiI (520 mg) in dry DMF
at the concentration tested. (1.5 mL) was heated under reflux for 1 h. After 5% aqueous

HCI solution was added, the acidic mixture was extracted with
mixture, saturated aqueous NaHCOs solution was added. After EtOAc three times. The extract was washed with water (three
most of the aqueous layer was removed, pyridine (844 mg, 10.7 times) and saturated aqueous NaC1 solution (three times),
mmol) and m-chloroperbenzoic acid (50-60%) (3.68 g, 10.7 dried over anhydrous MgSO 4, and filtered. The filtrate was
mmol) were added to the organic layer. The mixture was evaporated in vacuo to give a residue (108 mg). The residue
stirred at room temperature for 1 h. The mixture was washed was subjected to flash column chromatography [CH 2C 2-
with 5% aqueous NaOH solution (three times), saturated MeOH (15:1) followed by CH2CI2-MeOH (10:1)] to afford 3 as
aqueous NH4C1 solution (three times), and saturated aqueous a crystalline solid (61 mg, 58%): mp >250 0C dec; [a]26D +81°
NaCl solution (three times); dried over anhydrous MgSO 4; and (c 0.53, CHCls). UV (EtOH) A., (log e): 234 (3.88) nm. IR
filtered. The filtrate was evaporated in vacuo to give a solid. (KBr): 3389, 2943, 2872, 1752, 1696, 1637 cm-1 . 1H NMR
The solid was subjected to flash column chromatography (CDCls): 6 8.43 (1H, s), 5.37 (1H, t, J = 3.5 Hz), 2.87 (1H, dd,
[hexanes-EtOAc (5:1)] to give B-13 as a crystalline solid (1.23 J = 3.8, 13.9 Hz), 1.25, 1.22, 1.18, 1.15, 0.95, 0.93, 0.88 (each
g, 62%): mp 159-161 °C; [ot]25 +103 (c 0.64, CHCl3 ). UV 3H, s). 'Sc NMR (CDCl3 ): 6 209.0, 183.9, 173.2, 165.2, 144.2,
(EtOH) A..x (log e): 230 (3.92) nm. IR (KBr): 2946, 2867, 1728, 123.4, 121.7, 52.4, 46.8, 45.7, 45.5, 42.3, 41.4, 41.1, 40.6, 40.4,
1660 cm-1. 'H NMR (CDCIl): 6 7.04 (1H, d, J = 10.1 Hz), 5.81 34.0, 33.2, 32.5, 32.3, 30.9, 28.4, 27.8, 26.0, 23.7, 23.5, 23.0,
(1H, d, J = 10.1 Hz), 5.36 (1H, t, J = 3.7 Hz), 3.64, (3H, s), 22.0, 19.0, 18.4, 17.8. EIMS (70 eV) m/z: 496 [M]+ (3.0), 478
2.90 (1H, dd, J= 4.6, 13.9 Hz), 1.17 (3H, s), 1.16 (6H, s), 1.10, (3.4), 452 (7.6), 248 (56), 231 (35), 203 (100). HREIMS: Calcd
0.94, 0.91, 0.83 (each 3H, s). 13C NMR (CDCls): 6 205.5, 178.4, for C31H4Os: 496.3189. Found: 496.3196. Anal. (Table 2).
159.3, 144.5, 125.2, 121.9,53.6, 51.8,47.0, 45.9, 44.7,42.2,42.0, 2-Hydroxy-3-oxooleana-1,12-dien-28-oic Acid (4). 4 was
41.7, 40.3, 39.7, 34.1, 33.3, 32.7, 32.5, 30.9, 28.0, 27.9, 26.0, prepared from 24 according to the same method as for B-15
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except that the reaction time was 2 h. The reaction mixture EtOAc (6:1)] to afford 8 as an amorphous solid (238 Ing, 96%):
was subjected to flash column chromatography [hexanes- [OL]26D +88° (c 0.51, CHC13 ). UV (EtOH) Am.. (log 0): 260 (3.69)
EtOAc (5:1) followed by hexanes-EtOAc (4:1)] to give 4 as an nm. IR (KBr): 2943, 2870, 1733, 1691, 1601 cm-1. 'H NMR
amorphous solid (18%): [a]uD +990 (c 0.46, CHC1). UV (EtOH) (CDCls): 6 7.49 (1H, s), 5.35 (1H, t, J = 3.5 Hz), 3.63 (3H, s),
Am. (log c): 272 (3.71) nm. IR (KEBr): 3434, 2938, 1698, 1667, 2.90 (1H, dd, J = 4.0, 13.8 Hz), 1.20, 1.15 (each 6H, s), 0.94,
1649 cm-1. IH NMR (CDC1): 6 6.35 (1H, s), 5.96 (1H, brs), 0.91,0.81 (each 3H, s). 1

3 C NMR (CDCl3): 6 197.3, 178.3, 159.5,
5.34 (11, t, J = 3.5 Hz), 2.86 (1H, dd, J = 3.8, 13.9 Hz), 1.23, 144.6, 121.8, 121.5, 53.3, 51.8,46.9,46.5, 45.8, 43.1, 42.3, 42.1,
1.22, 1.14, 1.11, 0.94, 0.92, 0.83 (each 3H, s). 13C NMR 41.7, 40.3, 34.0, 33.3, 32.4, 30.9, 28.7, 27.8, 26.0, 23.8, 23.6,
(CDCls): 6 201.2, 184.0, 144.1, 143.9, 128.4, 122.3, 54.0, 46.8, 23.2, 22.3, 19.1, 18.7, 17.5. EIMS (70 eV) m/z: 546 (5.0) and
45.8, 44.1, 43.3, 42.2, 41.3, 40.2, 38.7, 34.0, 33.3, 32.6, 30.9, 544 (5.2) [M]+, 262 (8.5), 203 (24), 118 (100), 116 (100).
27.8, 27.4, 26.1, 23.8, 23.6, 23.0, 22.0, 19.9, 18.9, 17.7. EIMS HREIMS: Calcd for CsiH45s0Br: 544.2552. Found: 544.2553.
(70 eV) m/z: 468 [M]+ (3.2), 248 (13), 203 (23), 149 (42), 84 Anal. (Table 2).
(100).HREIMS: CalcdforCaoH40 4: 468.3240.Found: 468.3222. 2-Bromo-3-oxooleana-1,12-dien-28-oic Acid (9). 9 was
Anal. (Table 2). prepared from 8 according to the same method as for B-15

2-Methoxy-3-oxooleana-1,12-dien-28-oic Acid (5). A mix- except that the reaction time was 4 h. The reaction mixture
"ture of 23 (230 mg, 0.46 mmol) and Lil (1045 mng) in dry DMF was subjected to flash column chromatography [hexanes-
(3.5 mL) was heated under reflux for 4 h. The reaction mixture EtOAc (4:1) followed by hexanes-EtOAc (3:1)] to give 9 as an
was worked up according to the same method as for B-15 to amorphous solid (76%): [a] 2%6 +820 (C 0.31, CHC13). LTV (EtOH)
give a solid (230 mg). The solid was subjected to flash column A.. 1 (log e): 260 (3.52) nm. IR (KBr): 3434, 2939, 2870, 1727,
chromatography [hexanes-EtOAc (3:1) followed by hexanes- 1686, 1601 cm-1. 'H NMR (CDC1): 6 7.49 (11, s), 5.35 (11, t,
EtOAc (2:1), then hexanes-EtOAc (1:1)] to give 24 (35 mg; J = 3.4 Hz), 2.86 (1H, dd, J = 4.2, 13.7 Hz), 1.21 (6H, s), 1.16,
16%, 23% based on recovered 23), 23 (74 mg), 4 (27 mng; 12%, 1.14, 0.94, 0.92, 0.83 (each 3H, s). 13C NMR (CDCls): 6 197.2,
18% based on recovered 23), and 5 as an amorphous solid (63 184.4, 159.3, 144.3, 121.84, 121.79, 53.3, 46.8, 46.5, 45.8, 43.1,
mng; 28%, 41% based on recovered 23): [a]26D +960 (c 0.29, 42.2, 42.0, 41.3, 40.3, 34.0, 33.2, 32.5, 32.4, 30.9, 28.7, 27.8,
CHCla). UV (EtOH) A. (log e): 266 (3.84) nm. IR (KBr): 3307, 26.0, 23.7, 23.5, 23.0, 22.2, 19.1, 18.7, 17.7. EIMS (70 eV) m/z:
2947, 2862, 1732, 1693, 1622 cm-1. 'H NMR (CDC13): 6 5.96 532 (13) and 530 (14) [M]+, 285 (5.6), 283 (6.2), 248 (100), 235
(1H, s), 5.36 (11, t, J = 3.3 Hz), 3.56 (3H, s), 2.87 (11, dd, J (10), 233 (11), 203 (84). HREIMS: Calcd for CsoH4303Br:
= 4.2, 13.9 Hz), 1.17 (9H, s), 1.11, 0.94, 0.91, 0.84 (each 3H, 530.2396. Found: 530.2383. Anal. (Table 2).
s). '5 C NMR (CDCls): 6200.0, 184.4, 149.1, 144.4, 126.1, 122.1, Methyl 2-Cyano-3-oxooleana-1,12-dien-28-oate (10). A
55.0, 53.2, 46.8, 45.9, 45.4, 43.3, 42.2, 41.3, 40.2, 38.5, 34.0, solution of 27 (141 mg, 0.28 mmol) and DDQ (98%) (79 mng,
33.3, 32.5, 30.9, 28.6, 27.8, 26.1, 23.8, 23.0, 22.0, 20.4, 19.2, 0.34 mmol) in benzene (10 mL) was heated under reflux for 4
17.6. ELMS (70 eV) m/z: 482 [M]+ (11), 415 (6.5), 245 (18), h. After insoluble matter was removed by filtration, the filtrate
203 (33), 157 (100). HREIMS: Calcd for C311H4604 : 482.3396. was evaporated in vacuo to give a solid. The solid was subjected
Found: 482.3375. Anal. (Table 2). to flash column chromatography [benzene-acetone (20:1)] to

Methyl 2.Chloro-3-oxooleana-1,12-dien-28-oate (6). A give a crystalline solid (123 mg, 88%): mp 201-202 °C; [O]2%
solution of 22 (99 mng, 0.21 mrtol) in AcOH including 1 M HC1 +67' (c 0.53, CHC13). UV (EtOH) Am0 (log e): 240 (3.65) ran.
(2.5 mL) and CHCls (2.5 mL) was stirred at room temperature IR (KBr): 2945, 2874, 2232, 1724, 1686 cm-1. 'H NMR
overnight. The mixture was diluted with CH 2Cl 2.After it was (CDCls): 6 7.75 (11, s), 5.36 (1H, t, J = 3.5 Hz), 3.64 (3H, s),
washed with water three times, it was worked up according 2.91 (1H, dd, J = 3.9, 13.9 Hz), 1.22, 1.21, 1.15, 1.14, 0.94,
to the standard method to give a solid (96 Ing). The solid was 0.92, 0.83 (each 3H, s). 13C NMR (CDC1a): 6 198.3, 178.3, 170.2,
subjected to flash column chromatography [hexanes-EtOAc 144.8, 121.1, 115.2,114.0, 52.8, 51.8,46.9,45.8,45.1, 42.3,41.7,
(6:1)] to afford 6 as an amorphous solid (84 mg, 81%): [a.]26D 41.3, 40.8, 40.5, 34.0, 33.3, 32.4, 32.3, 30.9, 27.9, 27.8, 26.0,
+98° (c 0.26, CHCls). LTV (EtOH) A. (log e): 250 (3.91) nam. 23.8, 23.4, 23.1, 21.8, 18.9, 18.1, 17.6. ENMS (70 eV) m/z: 491
IR (KBr): 2943, 2866, 1727, 1689 cm-1. 'H NMR(CDC13): 6 [M]+ (35), 459 (13), 432 (27), 262 (22), 247 (24), 203 (100).
7.22 (1H, s), 5.34 (11, t, J = 3.5 Hz), 3.62 (3H, s), 2.89 (1H, HREIMS: Calcd for Cs2H4rON: 491.3399. Found: 491.3391.
dd, J = 4.2, 13.7 Hz), 1.203, 1.197 (each 3H, s), 1.14 (6H, s), Anal. (Table 2).
0.93,0.90, 0.80 (each 3H, s). 13C NMR (CDCls): 6 197.4, 178.3, 2-Cyano-3-oxooleana-1,12-dien-28-oic Acid (11). 11 was
155.0, 144.5, 129.8, 121.5,53.3, 51.8,46.9,46.3,45.8,42.2,42.1, prepared from 10 according to the same method as for B-15
41.64, 41.57, 40.3, 34.0, 33.3, 32.4, 30.9, 28.4, 27.8, 26.0, 23.8, except that the reaction time was 3 h. The reaction mixture
23.5, 23.1, 22.1, 19.1, 18.8, 17.5. EIMS (70 eV) m/a: 500 [MK+ was subjected to flash column chromatography [hexanes-
(21), 262 (27), 247 (96), 203 (100). HREIMS: Calcd for EtOAc (3:1) followed byhexanes-EtOAc (2:1), then hexanes-
CsI-H453CI: 500.3057. Found: 500.3060. Anal. (Table 2). EtOAc (1:1)] to give 11 as an amorphous solid (71%, 91% based

2-Chloro-3-oxooleana-1,12-dien-28-oic Acid (7). 7 was on recovered 10): [a126D +610 (C 0.66, CHC13). UV (EtOH) Am,.
prepared from 6 according to the same method as for B-15 (log c): 238 (3.87) nm. IR (KBr): 3387, 2947, 2870, 2233, 1729,
except that the reaction time was 4 h. The reaction mixture 1691, 1609 cm-1. 'H NMR (CDCls): 6 7.75 (11, s), 5.35 (1H, t,
was subjected to flash column chromatography [hexanes- J = 3.3 Hz), 2.86 (1H, dd, J = 4.0, 13.6 Hz), 1.22, 1.21, 1.15,
EtOAc (4:1) followed by hexanes-EtOAc (3:1)] to give 7 as an 1.12, 0.94, 0.92, 0.85 (each 3H, s). 13 C NMR (CDCla): 6 198.2,
amorphous solid (77%): [a]2

6D +88C (c 0.50, CHC13). UV (EtOH) 184.3, 170.1, 144.4, 121.4, 115.1, 114.1, 52.7, 46.8, 45.7, 45.0,
Am. (log e): 252 (3.20) nm. IR (KBr): 3297, 2943, 2870, 1733, 42.2, 41.3, 40.8, 40.5, 33.9, 33.2, 32.5, 32.2, 30.9, 27.9, 27.7,
1691, 1601 cm-1. 'H NMR (CDCls): 6 7.23 (11, s), 5.35 (1H, t, 25.9, 23.7, 23.4, 22.9, 21.8, 18.9, 18.1, 17.7. ENMS (70 eV) m/z:
J = 3.3 Hz), 2.86 (11, dd, J = 4.3, 13.8 Hz), 1.22, 1.21, 1.16, 477 [MK+ (18), 462 (5.6), 431 (16), 416 (10), 248 (76), 235 (25),
1.13, 0.94, 0.92, 0.84 (each 3H, s). 13C NMR (CDCls): 6 197,4, 203 (100). HREIMS: Calcd for CsKH4OalN: 477.3243. Found:
184.4, 154.9, 144.3, 129.9, 121.8, 53.2, 46.8, 46.4, 45.8, 42.21, 477.3240. Anal. (Table 2).
42.16, 41.6, 41.3, 40.3, 34.0, 33.3, 32.5, 32.4, 30.9, 28.5, 27.8, Methyl 2-Cyano-3-oxoursa-1,12-dien-28-oate (12). 12
26.0, 23.7, 23.5, 23.0, 22.1, 19.0, 18.9, 17.7. EIMS (70 eV) m/z: was prepared from 30 according to the same method as for 10
486 [MAW (25), 248 (100), 203 (96). HREIMS: Calcd for to give an amorphous solid (62%): [OL]26 +53' (c 0.35, CHCl3 ).
CoH403OsCl: 486.2901. Found: 486.2898. Anal. (Table 2). UV (EtOH) A,,a•, (log e): 240 (3.74) nm. IR (KBr): 2973, 2926,

Methyl 2-Bromo-3-oxooleana-1,12-dien-28-oate (8). A 2870, 2229, 1723, 1686 cm-1. 'H NMR (CDCla): 6 7.77 (11,
solution of 22 (220 mng, 0.46 remol) in AcOH including 1 M s), 5.33 (11, t, J = 3.7 Hz), 3.62 (3H, s), 2.29 (1H, d, J = 11.2
HBr (4.9 mL) and CHCl (6.1 mL) was stirred at room Hz), 1.23, 1.21, 1.14, 1.11 (each 3H, s), 0.96, 0.88 (each 3H, d,
temperature for 1 h. The mixture was diluted with CH 2Cl 2 . J = 6.3 Hz), 0.86 (3H, s). 13C NMR (CDCla): 6 198.3, 178.1,
After it was washed with water three times, it was worked up 170.4, 139.3, 124.2, 115.2, 114.0, 53.2, 52.8, 51.7, 48.3, 45.1,
according to the standard method to give a solid (260 mg). The 42.7, 41.2, 40.70, 40.65, 39.1, 39.0, 36.7, 32.6, 30.8, 28.1, 28.0,
solid was subjected to flash column chromatography [hexanes- 24.3, 23.6, 23.4, 21.8, 21.3, 18.9, 18.2, 17.8, 17.2. EIMS (70
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eV) m/z: 491 [M]+ (38), 431 (35), 262 (46), 249 (82), 203 (65), 1722, 1633 cm-1. 1H NMR (CDC13): 6 8.43 (1H, s), 5.36 (111, t,
84 (100). HREIMS: Calcd for Ca2H4sO3 N: 491.3399. Found: J = 3.5 Hz), 3.64 (3H, s), 2.90 (1H, dd, J = 3.9, 13.7 Hz), 1.24,
491.3395. Anal. (Table 2). 1.21, 1.19, 1.13, 0.94, 0.91, 0.85 (each 3H, s). 1

3 C NMR
2-Cyano-3-oxoursa-1,12-dien-28-oic Acid (13). 13 was (CDCl3 ): 6209.2, 178.4, 173.4, 165.2, 144.5, 123.3, 121.4, 52.4,

prepared from 12 according to the same method as for B-15 51.8, 47.0, 45.7, 45.5, 42.3, 41.7, 41.1, 40.6, 40.4, 34.0, 33.3,
except that the reaction time was 4 h. The reaction mixture 32.4, 32.3, 30.9, 28.3, 27.8, 26.0, 23.8, 23.5, 23.1, 22.0, 19.0,

was subjected to prep-TLC [hexanes-EtOAc (1.5:1)] to give 18.3, 17.7. EIMS (70 eV) m/z: 510 [M]X (16), 492 (15), 451 (14),
13 as an amorphous solid (74%): [OL]26D +48' (c 0.50, CHCl3). 433 (14), 262 (27), 203 (100). HREIMS: Calcd for C32H4Os5:
UV (EtOH) Am. (log 0): 238 (3.86) nm. IR (KBr): 3417, 2973, 510.3345. Found: 510.3347. Anal. (Table 2).
2926, 2870, 2233, 1731, 1689 cm-1. 1H NMR (CDCGI): 6 7.77 (2) From 17: A solution of 17 (500 mg, 0.95 mrnol) in MeOH
(1H, s), 5.31 (1H, t, J = 3.2 Hz), 2.24 (1H, d, J = 11.0 Hz), (29 mL) and aqueous KOH solution (KOH, 2.9 g; water, 10
1.22, 1.20, 1.12, 1.11 (each 3H, s), 0.95, 0.88 (each 3H, d, J = mL) was heated under reflux for 15 min. After removal of
5.7 Hz), 0.87 (3H, s). 1

3 C NMR (CDCla): 6 198.2, 184.2, 170.2, MeOH in vacuo, the mixture was acidified with 5% aqueous
139.0, 124.4, 115.1, 114.1, 52.8, 52.7, 48.2, 45.0, 42.6, 41.2, HC1 solution. It was extracted with EtOAc (three times). The
40.68, 40.65, 39.1, 39.0, 36.7, 32.5, 30.7, 28.1, 28.0, 24.1, 23.6, extract was washed with water and saturated aqueous NaC1
23.3, 21.8, 21.3, 18.9, 18.2, 17.7, 17.2. EIMS (70 eV) m/z: 477 solution (each three times), dried over MgSO 4, and filtered.
[MK+ (22), 431 (23), 248 (100), 203 (48). HREIMS: Calcd for The filtrate gave 16 as a crystalline solid (470 mg, 97%). It
C3 1H 43 0 3 N: 477.3243. Found: 477.3240. Anal. (Table 2). was used for the next reaction without further purification.

Methyl 2-Formyl-3-oxooleana-1,12-dien-28-oate (14). To Methyl 2.Methoxycarbonyl.3.oxooleana-1,12-dien- 2 8-
a stirred solution of phenylselenenyl chloride (98%) (161 mg, oate (17). 17 was prepared from 31 by the similar method as
0.82 rnmol) in CH2C12 (7.2 mL) was added a solution of pyridine for 14. The reaction mixture was subjected to flash column
(75 mg, 0.95 mmol) in CH 2C12 (1.0 mL) in an ice bath. After chromatography [hexanes-EtOAc (4:1)] to give 17 as an
15 min, a solution of 25 (204 mg, 0.41 mmol) in CH 2 CI2 (2.0 amorphous solid (83%, 90% based on recovered 31): [a12%D
mL) was added, and the mixture was stirred an additional 1 +63' (c 0.78, CHCla). UV (EtOH) •Z, (log E): 230 (3.97) nm.
h. After the mixture was washed with 10% aqueous HC1 IR (KBr): 2947, 2866, 1727, 1684, 1624 cm- 1. 1H NMR
solution (3 mL) twice, 30% H20 2 (0.4 mL) was added to the (CDC13): 6 7.73 (1H, s), 5.37 (1H, t, J = 3.5 Hz), 3.79, 3.64
stirred mixture in the ice bath. After an additional 40 min, (each 3H, s), 2.90 (1H, dd, J = 3.9, 13.7 Hz), 1.16 (6H, s), 1.15,
the mixture was worked up according to the standard method 1.12, 0.94, 0.91, 0.84 (each 3H, s). 13C NMR (CDCls): 6 201.2,
to give a solid (199 mg). The solid was subjected to flash 178.4, 166.0, 164.3, 144.5, 129.2, 121.7, 52.7, 52.4, 51.8, 47.0,
column chromatography [hexanes-EtOAc (5:1)] to afford 25 45.9, 45.8, 42.3, 41.8, 41.5, 40.3, 39.5, 34.1, 33.3, 32.4, 32.3,
(20 mg) and 14 as an amorphous solid (144 mg; 71%, 79% 30.9, 28.7, 27.8, 25.9, 23.8, 23.6, 23.2, 21.5, 19.4, 18.0, 17.5.
based on recovered 25): [Oa]26D +12' (c 0.60, CHC1s). UV (EtOH) EIMS (70 eV) m/z: 524 [M]+ (24), 492 (23), 465 (13), 262 (35),
Am. (log E): 238 (3.85) nm. IR (KBr): 2946, 2867, 1724, 1703, 203 (100). HREIMS: Calcd for CsH-4sO5 : 524.3502. Found:
1673, 1610 cm-'. 1H NMR (CDCl3): 6 10.00 (1H, s), 7.79 (1H, 524.3494. Anal. (Table 2).
s), 5.37 (1H, t, J = 3.6 Hz), 3.63 (3H, s), 2.90 (1H, dd, J = 4.2, 2-Methoxycarbonyl-3-oxooleana-1,12-dien-28-oic Acid
13.9 Hz), 1.18, 1.17, 1.16, 1.14, 0.94, 0.91, 0.85 (each 3H, s). (18). A solution of 3 (52 mg, 0.10 mmol) in MeOH (5.2 mL)
13 C NMR (CDCl5 ): 6 203.7, 190.7, 178.3, 165.2, 144.5, 131.2, containing concentrated H2S0 4 (0.15 ml) was heated under
121.6, 52.8, 51.8, 47.0, 45.8, 45.1, 42.3, 41.7, 41.3, 40.5, 39.8, reflux for 30 min. After saturated aqueous NaCl solution was
34.0, 33.3, 32.44, 32.38, 30.9, 28.2, 27.8, 26.0, 23.8, 23.5, 23.2, added to the mixture, it was extracted with EtOAc three times.
21.7, 19.2, 18.2, 17.6. EIMS (70 eV) m/z: 494 [M]+ (95), 435 The extract was worked up according to the standard method
(87), 262 (40), 203 (100). HREIMS: Calcd for C32H 460 4: to give a residue (53 mg). The residue was subjected to flash
494.3396. Found: 494.3398. Anal. (Table 2). column chromatography [hexanes-EtOAc (2:1)] to give 18 as

2-Formyl-3-oxooleana-1,12-dien-28-oic Acid (15). 15 was an amorphous solid (42 mg, 78%): [Ca]26D +61' (c 0.56, CHCla).
prepared from 32 according to the same method as for 14. The UV (EtOH) A,, (log 0): 230 (3.83) nm. IR (KBr): 3323, 2947,
reaction mixture was subjected to flash column chromatogra- 2866, 1733, 1695, 1622 cm-1. 1H NMR (CDCG3): 6 7.73 (1H,
phy [hexanes-EtOAc (3:1) followed by hexanes-EtOAc (2:1)] s), 5.37 (1H, t, J = 3.4 Hz), 3.79 (3H, s), 2.86 (1H, dd, J = 4.1,
to give 15 as an amorphous solid (71%, 84% based on recovered 13.7 Hz), 1.16, 1.15, 1.14, 1.12, 0.94, 0.92, 0.86 (each 3H, s).
32): [cz]I26D +260 (c 0.95, CH~la). UV (EtOH) ), (log E): 240 13C NMR (CDC13): 6 201.1, 184.2, 166.0, 164.2, 144.2, 129.2,
(3.82) nm. IR (KBr): 2948, 2866, 1725, 1701, 1674, 1608 cm-'. 122.0, 52.7, 52.4, 46.9, 45.9, 45.8, 42.2, 41.5, 41.4, 40.3, 39.5,
1H NMR (CDC13): 6 10.00 (1H, s), 7.79 (1H, s), 5.36 (1H, t, J 34.0, 33.3, 32.5, 32.3, 30.9, 28.7, 27.8, 26.0, 23.7, 23.6, 23.0,
= 3.3 Hz), 2.86 (1H, dd, J = 3.8, 13.9 Hz), 1.18, 1.17, 1.15, 21.4, 19.4, 18.0, 17.7. EIMS (70 eV) m/z: 510 [M]+ (2.6), 495
1.14, 0.94, 0.92, 0.87 (each 3H, s). 1

3 C NMR (CDCls): 6 203.7, (2.0), 478 (2.5), 432 (3.0), 263 (29), 248 (58), 231 (37), 203 (100).
190.7, 184.3, 165.0, 144.2, 131.2, 121.8, 52.8, 46.8, 45.7, 45.1, HREIMS: Calcd for C32H 4605: 510.3345. Found: 510.3344.
42.3, 41.4, 41.3, 40.5, 39.8, 34.0, 33.2, 32.5, 32.3, 30.9, 28.2, Anal. (Table 2).
27.8, 26.0, 23.7, 23.5, 23.0, 21.6, 19.2, 18.2, 17.8. EIMS (70 Methyl 2.Amninocarbonyl-3-oxooleana-1,12-dien-28-
eV) m/z: 480 [M]+ (5.5), 434 (3.1), 419 (3.4), 248 (56), 233 (27), oate (19). A solution of 17 (100 mg, 0.19 mmol) in saturated
203 (100). HREIMS: Calcd for C31H40 4: 480.3240. Found: ammonia MeOH (10 ml) was kept at room temperature
480.3237. Anal. (Table 2). overnight. The mixture was evaporated in vacuo to give a solid

Methyl 2-Carboxy-3-oxooleana-1,12-dien-28-oate (16). (108 mg). The solid was subjected to flash column chromatog-
(1) From 14: To a solution of 14 (357 mg, 0.72 mmol) in raphy [hexanes-EtOAc (1.5:1)] to give 19 as an amorphous
acetone (71 mL) was added Jones reagent (0.5 mL) dropwise solid (94 mg, 96%): [Oj26D +770 (c 0.60, CHCla). UV (EtOH)
in an ice bath. The mixture was stirred in the ice bath for 20 Am, (log c): 236 (3.91) nm. IR (KBr): 3413, 2943, 2866, 1727,
min. After excess Jones reagent was decomposed with MeOH, 1689 cm-1. 1H NMR (CDCla): 6 8.45 (1H, brs), 8.27 (1H, s),
the acetone was evaporated in vacuo. After water was added 5.72 (1H, brs), 5.37 (1H, t, J = 3.4 Hz), 3.64 (3H, s), 2.90 (1H,
to the resultant mixture, the aqueous mixture was extracted dd, J = 4.2, 13.9 Hz), 1.17, 1.16, 1.15, 1.14, 0.94, 0.92, 0.84
with EtOAc three times. The extract was washed with water (each 3H, s). "C NMR (CDCl3): 6 205.8, 178.4, 169.0, 165.8,
(three times) and saturated aqueous NaCl solution (three 144.3, 121.8, 52.2, 51.8, 47.0, 46.0, 45.7, 42.3, 41.8, 41.2, 40.4,
times), dried over anhydrous MgSO 4 , and filtered. The filtrate 39.6, 34.1, 33.3, 32.5, 32.3, 30.9, 29.1, 27.8, 26.0, 23.8, 23.6,
was evaporated in vacuo to give a residue (294 mg). The 23.2, 21.9, 19.4, 18.6, 17.6. EIMS (70 eV) m/z: 509 [M]+ (34),
residue was subjected to flash column chromatography [hex- 492 (23), 450 (100), 262 (19), 203 (56). HREIMS: Calcd for
anes-EtOAc (1:1) followed by EtOAc] to afford 14 (89 mg) and C32 H4 70 4N: 509.3505. Found: 509.3500. Anal. (Table 2).
16 as a crystalline solid (109 mg; 30%, 39% based on recovered Methyl la,2a.Epoxy-3-oxoolean-12-en-28-oate (22).9 To
14): mp 230-231 °C; [oi]26 +85' (c 0.61, CHCl3 ). UV (EtOH) a solution of B-13 (223 mg, 0.48 remol) in 2 N aqueous NaOH
Am,,. (log 6): 234 (3.78) nm. IR (KBr): 3436, 2946, 2876, 1756, solution (1.7 mL) and THF (11 mL) was added a solution of
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30% H202 (1.4 mL) in MeOH (2.8 mL) in an ice bath. The 1588 cm-1. 1H NMR (CDCla): 5 14.92 (1H, d, J = 3.1 Hz), 8.58
mixture was stirred at room temperature for 4 h. To the (1H, d, J = 3.1 Hz), 5.35 (1H, t, J = 3.7 Hz), 3.64 (3H, s), 2.90
mixture were added saturated aqueous NaHSO3 and 5% (1H, dd, J = 4.2, 13.6 Hz), 2.29 (1H, d, J = 14.4 Hz), 1.92 (1H,
aqueous'NaOH solutions, successively. After removal of THF d, J = 14.4 Hz), 1.20, 1.16, 1.12, 0.94 (each 3H, s), 0.91 (6H,
and MeOH, the resultant mixture was acidified with 6 M s), 0.80 (3H, s). 13C NMR (CDC13): 6 190.9, 188.6, 178.4, 144.0,
aqueous H10 solution. The acidic layer was extracted with 122.3, 106.0, 52.3, 51.8, 47.0, 46.0, 45.9, 42.0, 41.6, 40.3, 39.4,
CH 2C12 three times. The extract was worked up according to 39.3, 36.5, 34.1, 33.3, 32.5, 32.1, 30.9, 28.6, 27.9, 25.9, 23.8,
the standard method to give 22 as a crystalline solid (228 mg, 23.6, 23.3, 21.1, 19.7, 16.8, 14.7. EIMS (70 eV) m/z: 496 [M]+
99%). This material was used for the next reaction without (4.4), 437 (23), 262 (38), 233 (20), 203 (100). HREIMS: Calcd
further purification. An analytically pure sample was obtained for C32H4804: 496.3553. Found: 496.3550.
by recrystallization from MeOH as colorless needles: mp 212- Methyl Isoxazolo[4,5-b]olean-12-en-28-oate (26). A mix-
213 °C; [G]

26
D +157' (c 0.80, CHC1). IR (KBr): 2943, 2866, ture of 25 (994 mng, 2.0 mmol), hydroxylamine hydrochloride

1727, 1699 cm'-. 1H NMR (CDCla): 6 5.36 (1H, t, J = 3.3 Hz), (1391 mg, 20 mmol) in water (1.8 mL) and EtOH (48 mL) was
3.64 (3H, s), 3.50 (1H, d, J = 4.5 Hz), 3.37 (1H, d, J = 4.5 Hz), heated under reflux for I h. After EtOH was removed in vacuo,
2.90 (1H, dd, J = 4.2, 13.9 Hz), 1.21, 1.11, 1.01, 0.97, 0.94, EtOAc was added to the resultant mixture. The EtOAc layer
0.92,0.80 (each 3H, s). 13C NMR (CDC13): 6 213.0, 178.4, 144.5, was washed with water (three times) and saturated aqueous
121.8, 64.1, 57.1, 51.8, 47.0, 46.3, 45.9, 45.0, 42.1, 41.7, 40.8, NaCl solution (three times), dried over MgSO4, and filtered.
39.7, 38.8, 34.1, 33.3, 32.5, 32.3, 30.9, 28.2, 28.0, 26.0, 24.0, The filtrate gave a solid (1086 mg). The solid was subjected to
23.8, 23.3, 21.1, 19.1, 17.4, 15.1. EIMS (70 eV) m/z: 482 [M]+ flash column chromatography [hexanes-EtOAc (6:1) followed
(7.7), 422 (13), 262 (31), 249 (11), 203 (100). HREIMS: Calcd by hexanes-EtOAc (5:1)] to give 26 as an amorphous solid
for CslIH•O4: 482.3396. Found: 482.3391. (934 mg, 86%): UV (EtOH) Am., (log e): 228 (3.65) nm. IR

Methyl 2-Methoxy-3-oxooleana-1,12-dien-28-oate (23). (KBr): 2940, 2864, 1725 cm-1. IH NMR (CDCls): 6 7.98 (1H,
A mixture of 22 (300 mg, 0.62 mmol) and Na (360 mg) in s), 5.34 (1H, t, J = 3.5 Hz), 3.63 (3H, s), 2.89 (1H, dd, J = 4.4,
MeOH (36 mL) was heated under reflux for 48 h. After removal 13.7 Hz), 2.42 (1H, d, J = 15.1 Hz), 1.30, 1.21, 1.15, 0.93, 0.90,
of MeOH in vacuo, the resultant mixture was diluted with 0.88, 0.79 (each 3H, s). 13C NMR (CDC1): 6 178.4, 173.2, 150.4,
water and then acidified with 6 M aqueous HC1 solution. The 144.0, 122.3, 109.0, 53.7, 51.7, 46.9, 46.3, 46.0, 42.0, 41.6, 39.5,
aqueous mixture was extracted with a mixture of CH 2C12 and 38.9, 35.5, 34.9, 34.0, 33.3, 32.5, 32.1, 30.9, 29.0, 27.9, 25.9,
Et 20 (1:2) three times. The extract was worked up according 23.8, 23.5, 23.2, 21.6, 19.0, 16.7, 15.4. EIMS (70 eV) m/z: 493
to the standard method to give a solid (320 mag). The solid was [Ml1+ (11), 434 (18), 262 (28), 249 (16), 203 (100). HREIMS:
subjected to flash column chromatography [hexanes-EtOAc Calcd for Cs 2H47 0 3 N: 493.3556. Found: 493.3556.
(4:1)] to afford 22 (31 mg) and 23 as an amorphous solid (270 Methyl 2-Cyano-3-oxoolean-12-en-28-oate (27). To a
mg; 87%, 98% based on recovered 22): UV (EtOH) A. (log stirred solution of 26 (887 mg, 1.80 mrtol) in Et2O (50 mL)
e): 266 (3.77) nm. IR (KBr): 2946, 2866, 1727, 1682, 1621 and MeOH (25 mL) was added NaOMe (3.2 g) in an ice bath.
cm-1. 'H NMR (CDC13): 6 5.96 (1H, s), 5.36 (1H, t, J = 3.5 The mixture was stirred at room temperature for 1 h. The
Hz), 3.64, 3.55 (each 3H, s), 2.90 (1H, dd, J = 4.1, 13.7 Hz), mixture was diluted with a mixture of CH2C12 and Et2O (1:2)
1.17 (6H, s), 1.16, 1.13, 0.93, 0.90, 0.81 (each 3H, s). 13C NMR (50 mL). After the extract was washed with 5% aqueous HC1
(CDC13): 6 200.1, 178.4, 149.0, 144.6, 126.3, 121.9, 54.9, 53.2, solution, it was worked up according to the standard method
51.8, 47.0, 45.9, 45.4, 43.3, 42.3, 41.7, 40.2, 38.4, 34.0, 33.3, to afford 27 as an amorphous solid (879 mg, 99%). This
32.6, 32.5, 30.9, 28.5, 27.8, 26.0, 23.81, 23.76, 23.2, 22.0, 20.4, material was used for the next reaction without further
19.2, 17.4. EIMS (70 eV) m/z: 496 [M]+ (80), 436 (21), 328 (19), purification. An analytically pure sample was obtained by flash
262 (36), 203 (100). HREIMS: Calcd for C32H 4sO4: 496.3553. column chromatography [hexanes-EtOAc (5:1)] as an amor-
Found: 496.3544. phous solid: LV (EtOH) Am., (log e): 238 (3.88) nm. IR (KBr):

Methyl 2-Hydroxy-3-oxooleana-1,12-dien-28-oate (24). 2946, 2870, 2202, 1724, 1633 cm-1. 1H NMR of major tautomer
A suspension of 23 (100 mg, 0.20 mmol) in 3 M aqueous HCO 27a (CDC1l): 6 6.15 (1H, brs), 5.31 (1H, t, J = 3.6 Hz), 3.63
solution (3 mL) and AcOH (3 mL) was heated under reflux for (3H, A), 2.88 (1H, dd, J = 4.0, 13.6 Hz), 2.09 (1H, d, J = 15.0
5 h. The mixture was neutralized with saturated aqueous Hz), 1.16, 1.13, 1.07, 0.95, 0.93, 0.90, 0.76 (each 3H, s). EIMS
Na2CO3 solution. The mixture was extracted with CH2C12 three (70 eV) m/z: 493 [K+] (6.3), 434 (17), 262 (19), 249 (20), 203
times. The extract was worked up according to the standard (100). HREIMS: Caled for C32 H470 3 N: 493.3556. Found:
method to give a solid (90 mg). The solid was subjected to flash 493.3548.
column chromatography [hexanes-EtOAc (5:1)] to afford 24 Methyl 2-Hydroxymethylene-3-oxours-12-en-28-oate
as an amorphous solid (78 mg, 81%): UV (EtOH) X (log c): (28).23 28 was prepared from B-4 according to the same method
272 (3.63) nm. IR (KBr): 3426, 2939, 2870, 1725, 1667, 1648 as for 25 to give an amorphous solid (quantitative). This
cu-1. 'H NMR (CDC1s): 6 6.35 (1H, s), 5.93 (1H, brs), 5.34 material was used for the next reaction without further
(1H, t, J = 3.5 Hz), 3.63 (3H, s), 2.89 (1H, dd, J = 4.0, 13.7 purification. An analytically pure sample was obtained by flash
Hz), 1.22 (6H, s), 1.13, 1.12, 0.94, 0.91, 0.80 (each 3H, s). 13C column chromatography [hexanes-EtOAc (7:1)] and subse-
NMR (CDCl3): 6 201.3, 178.4, 144.4, 143.9, 128.4, 122.0, 54.1, quent recrystallization from MeOH as colorless needles: mp
51.8, 47.0, 45.9, 44.1, 43.3, 42.2, 41.6, 40.2, 38.7, 34.1, 33.3, 170-171 C. LTV (EtOH).Ama. (log c): 294 (3.86) nim. IR (KBr):
32.7, 32.5, 30.9, 27.8, 27.4, 26.1, 23.8, 23.6, 23.2, 22.0, 19.8, 3426, 2947, 2921, 2866, 1727, 1637, 1590 cr-1. IH NMR
18.9, 17.5. EIMS (70 eV) m/z: 482 [M]W (26), 446 (68), 422 (25), (CDCl3): 6 14.91 (1H, brs), 8.57 (1H, s), 5.31 (1H, t, J = 3.7
262 (35), 203 (100). HREIMS: Calcd for C31H4s04: 482.3396. Hz), 3.62 (3H, s), 2.31 (1H, d, J = 14.4 Hz), 2.27 (1H, d, J =
Found: 482.3387. 12.5 Hz), 1.95 (1H, d, J = 14.4 Hz), 1.19, 1.12, 1.10 (each 3H,

Methyl 2-Hydroxymethylene-3-oxoolean-12-en-28-oate s), 0.96 (3H, d, J = 6.0 Hz), 0.92 (3H, s), 0.87 (3H, d, J = 6.6
(25).19 To a stirred mixture of B-3 (1084 mg, 2.31 mmol) and Hz), 0.81 (3H, s). 'SC NMR (CDCI3): 6 191.0, 188.5, 178.2,
ethyl formate (97%) (707 mg, 9.26 mmol) in benzene (12 mL) 138.4, 125.6, 106.0, 53.2, 52.3, 51.7, 48.4, 45.7, 42.4, 40.3, 39.7,
was added NaOMe (501 mg, 9.27 mmol). The mixture was 39.5, 39.3, 39.1, 36.8, 36.4, 32.4, 30.9, 28.7, 28.2, 24.4, 23.7,
stirred at room temperature for 1 h. After the mixture was 23.6, 21.4, 21.1, 19.7, 17.2, 17.0, 14.8. ElMS (70 eV) m/z: 496
washed with 5% aqueous HC1 solution twice, it was worked [MV-+ (11), 437 (15), 262 (80), 233 (41), 203 (100). HREIMS:
up according to the standard method to give 25 as an Calcd for C32114804: 496.3553. Found: 496.3547.
amorphous solid (1095 mg, 95%). This material was used for Methyl Isoxazolo[4,5-b]urs-12-en-28-oate (29). 29 was
the next reaction without further purification. An analytically prepared from 28 according to the same method as for 26 to
pure sample was obtained by flash column chromatography give an amorphous solid (84%): UV (EtOH) A.. (log e): 228
[hexanes-EtOAc (7:1)] and subsequent recrystallization from (3.70) rum. IR (KBr): 2969, 2922, 2870, 1725 cm-'. 'H NMR
MeOH as colorless needles: mp 199-201 0C. UV (EtOH) Am. (CDCls): 6 7.98 (1H, s), 5.31 (1H, t, J = 3.4 Hz), 3.62 (3H, s),
(log e): 296 (3.94) nm. IR (KBr): 3426, 2943, 2862, 1725, 1637, 2.46 (1H, d, J = 15.0 Hz), 2.27 (1H, d, J = 11.1 Hz), 1.31, 1.22,
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1.10 (each 3H, s), 0.96 (3H, d, J = 6.3 Hz), 0.90 (3H, s), 0.88 (Cambridge, MA). All other chemicals were purchased from
(3H, d, J = 6.3 Hz), 0.81 (3H, s). 13C NMR (CDCla): 6 178.2, Sigma Chemical Co. (St. Louis, MO). Inhibitory test com-
173.2, 150.4, 138.4, 125.5, 109.1, 53.7, 53.2, 51.7, 48.3, 46.3, pounds were dissolved in DMSO before addition to cell
42.3, 39.7, 39.3, 39.1, 38.8, 36.8, 35.8, 34.9, 32.4, 30.9, 29.1, cultures; final concentrations of DMSO were 0.1% or less.
28.3, 24.4, 23.7, 23.5, 21.6, 21.4, 19.0, 17.2, 16.9, 15.6. EIMS Controls with DMSO alone were ran in all cases.
(70 eV) m/z: 493 [M]+ (9.1), 434 (20), 262 (65), 249 (33), 203 2. Cell Culture. To obtain primary macrophages, female
(100). HREIMS: Calcd for C32 H-470 3 N: 493.3556. Found: CD-1 mice, 5-10 weeks of age (Charles River Breeding
493.3547. Laboratories, Wilmington, MA), were injected intraperitoneally

Methyl 2-Cyano-3-oxours-12-en-28-oate (30). 30 was with 2 mL of 4% thioglycollate broth (Difco Laboratories,
prepared from 29 according to the same method as for 27 to Detroit, MI). Four days after injection, peritoneal macrophages
give an amorphous solid (quantitative). This material was used were harvested and processed according to Nathan's procedure.7b
for the next reaction without further purification. An analyti- Cells were seeded in 96-well plates at 2 x 105 cells/well and
cally pure sample was obtained by flash column chromatog- incubated for 48 h with 20 ng/mL IFN-y in the presence or
raphy [hexanes-EtOAc (5:1)] as an amorphous solid: UV absence of inhibitory test compounds.
(EtOH) AmL (log e): 238 (3.93) am. IR (KBr): 2947, 2870, 2203, 3. Measurement of NO Production in Mouse Mac-
1724, 1631 cm-1. 1H NMR of major tautomer 30a (CDCl3): 6 rophages. Nitrite accumulation was used as an indicator of

5.92 (1H, brs), 5.28 (1H, t, J = 3.5 Hz), 3.61 (3H, s), 2.26 (1H, NO production in the medium and was assayed by the Griess

d, J = 11.0 Hz), 2.13 (1H, d, J = 15.0 Hz), 1.16, 1.13, 1.08, reaction.Ta Griess reagent (100,uL) was addedto 100uL ofeach
1.07, 0.96 (each 3H, s), 0.95, 0.77 (each 3H, d, J = 6.3 Hz). supernatant from IFN-y or inhibitory test compound-treated
EIMS (70 eV) m/z: 493 [MX+ (6.8), 434 (19), 262 (62), 249 (44), cells in triplicate. The protein determination was performed
203 (100). HREIMS: Calcd for C32H470 3N: 493.3556. Found: by Bradford protein assay. The plates were read at 550 nm

493.3558. against a standard curve of sodium nitrite.
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1.18, 1.14, 1.10, 0.94 (each 3H, s), 0.91 (6H, s), 0.78 (3H, s). (1) (a) Connolly, J. D.; Overton, K. H. The Triterpenoids. In
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pp 281-384.

To a stirred mixture of oleanonic acid (B-1)10 (540 mg, 1.19 (3) (a) Nishino, H.; Nishino, A.; Takayasu, J.; Hasegawa, T.;
mrtol) and ethyl formate (97%) (357 mg, 4.66 remol) in THF Iwashima, A.; Hirabayashi, K.; Iwata, S.; Shibata, S. Inhibition
(12 mL) was added NaOMe (258 mg, 4.78 mtol). The mixture of the tumor-promoting action of 12-O-tetradecanoylphorbol-13-
was stirred at room temperature overnight. The mixture was acetate by some oleanane-type triterpenoid compounds. Cancer
acidified with 10% aqueous HCl solution. The mixture was Res. 1988, 48, 5210-5215. (b) Hirota, M.; Mori, T.; Yoshio, M.;
extracted with EtOAc three times. The extract was worked Iriye, R. Suppression of tumor promoter-induced inflammation

of mouse ear by ursolic acid and 4,4-dimethylcholestane deriva-
up according to the standard method to give a solid (600 mg). tives. Agric. Biol. Chem. 1990, 54, 1073-1075. (c) Yu, L.; Ma,
The solid was subjected to flash column chromatography R.; Wang, Y.; Nishino, H.; Takayasu, J.; He, W.; Chang, M.;
[hexanes-EtOAc (5:1) followed by hexanes-EtOAc (4:1)] to Zhen, J.; Liu, W.; Fan, S. Potent anti-tumorigenic effect of
afford B-1 (168 mg) and 32 as a crystalline solid (260 mg; 45%, tubeimoside 1 isolated from the bulb of Bolbostemma panicu-
66% based on recovered B-1): mp 200-203 C dec. LTV (EtOH) latum (Maxim) Franquet. Int. J. Cancer 1992, 50, 635-638. (d)"

Umehara, K.; Takagi, R.; Kuroyanagi, M.; Ueno, A.; Taki, T.;
Am. (log c): 292 (3.93) nm. IR (KBr): 2946, 2654, 1732, 1694, Chen, Y.-J. Studies on differentiation-inducing activities of
1644, 1587 cm-r. 1H NMR (CDCl1): 6 14.91 (1H, brs), 8.59 (111, terpenes. Chem. Pharm. Bull. 1992, 40, 401-405. (e) Singh, G.
s), 5.34 (1H, t, J = 3.5 Hz), 2.86 (1H, dd, J = 4.5, 13.9 Hz), B.; Singh, S.; Bani, S.; Gupta, B. D.; Banerjee, S. K. Anti-
2.29 (1H, d, J = 14.6 Hz), 1.93 (1H, d, J = 14.6 Hz), 1.19, 1.16, inflammatory activity of oleanolic acid in rats and mice. J.
1.10, 0.94, 0.92, 0.91, 0.82 (each 3H, s). 13C NMR (CDCls): 6 Pharm. Pharmacol. 1992, 44, 456-458. (f) Huang, M.-T.; Ho,

C.-T.; Wang, Z. Y.; Ferrao, T.; Lou, Y.-R.; Stauber, K.; Ma, W.;
190.7, 188.8, 184.7, 143.8, 122.6, 105.9, 52.2, 46.8, 46.0, 45.9, Georgiadis, C.; Laskin, J. D.; Conney, A. H. Inhibition of skin
41.9, 41.2, 40.2, 39.34, 39.30, 36.5, 34.0, 33.3, 32.6, 32.0, 30.9, tumorigenesis by rosemary and its constituents carnosol and
28.6, 27.8, 25.9, 23.7, 23.5, 23.1, 21.0, 19.6, 17.0, 14.6. EIMS ursolic acid. Cancer Res. 1994, 54, 701-708. (g) Liu, J.; Liu, Y.;
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Toxicol. 1994, 22, 34-40. (h) Liu, J. Pharmacology of oleanolic
Evaluation Methods. 1. Reagents. Recombinant mouse acid and ursolic acid. J. Ethnopharmacol. 1995,49, 57-68 and

IFN-y (LPS content, < 10 pg/mL) was purchased from Genzyme references therein.
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of structure-activity relationships based on chemical modifica- a new sodium dichromate oxidation product of methyl oleanolate
tion of oleanane triterpenoids were reported: (a) Sakurawi, K; and some of its derivatives. Pol. J. Chem. 1995, 69, 1003-1012.
Yasuda, F.; Tozyo, T.; Nakamura, M.; Sato, T.; Kikuchi, J.; Terui, (20) 1H and 13C NMR of 25, 28, and 32 in CDC13 showed that they
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Lee, K.-H. Anti-AIDS agents. 30. Anti-HV activity of oleanolic (22) Johnson, W. S.; Shelberg, W. E. A plan for distinguishing
acid, pomolic acid, and structurally related triterpenoids. J. Nat. between some five- and six-membered ring ketones. J. Am.
Prod. 1998, 61, 1090-1095. Chem. Soc. 1945, 67, 1745-1754.

(5) (a) Moncada, S.; Palmer, R. M. J.; Higgs, E. A. Nitric oxide:
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1991, 43, 109-141. (b) Nathan, C. F.; Xie, Q.-W. Regulation of penoid constituents of rose-bay willow-herb. J. Chem. Soc. (C)

biosynthesis of nitric oxide. J. Biol. Chem. 1994, 269, 13725- 1967, 510-515.

13728. (c) Anggard, E. Nitric oxide: mediator, murderer, and (24) Liotta, D.; Barnum, C.; Puleo, R.; Zima, G.; Bayer, C.; Kezar,

medicine. Lancet 1994,343, 1199-1206. (d) Nathan, C. F.; Xie, H. S., III. A simple method for the efficient synthesis of
Q.-W. Nitric oxide synthases: roles, tolls, and controls. "Cell 1994, unsaturated P-dicarbonyl compounds. J. Org. Chem. 1981, 46,
78, 915-918. 2920-2923.

(6) (a) Sporn, M. B.; Roberts, A. B. Peptide growth factors and (25) Finkbeiner, H. L.; Stiles, M. Chelation as a driving force in
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78, 329-332. (b) Ohshima, H.; Bartsch, H. Chronic infections carboxylation-decarboxylation equilibrium. J. Am. Che. Soc.
and inflammatory processes as cancer risk factors: possible role 1963, 85, 616-622.
of nitric oxide in carcinogenesis. Mutat. Res. 1994, 305, 253- (26) Albert, A. Table and discussion: electronic effects in molecules
264. (Hammett and Taft sigma values). Selective Toxicity, 7th ed.;

(7) (a) Ding, A.; Nathan, C. F.; Graycar, J.; Derynck, R.; Stuehr, D. Chapman and Hall: London, 1985; pp 644-649.
J.; Srimal, S. Macrophage deactivating factor and transforming (27) Gagne, D.; Pons, M.; Philibert, D. RU38486: a potent antigluco-
growth factors-fil, -P2, and -f63 inhibit induction of macrophage corticoid in vitro and in vivo. J. Steroid Biochem. 1985, 23, 247-
nitrogen oxide synthesis by IFN-y. J. Immunol. 1990,145, 940- 251.
944. (b) Bogdan, C.; Paik, J.; Vodovotz, Y.; Nathan, C. Contrast- (28) Narayanan, C. R.; Natu, A. A. Synthesis of some bridged
ing mechanisms for suppression of macrophage cytokine release triterpene ethers. J. Org. Chem. 1974, 39, 2639-2641 and
by transforming growth factor-a and interleukin-10. J. Biol. references therein.
Chem. 1992, 267, 23301-23308. (29) Younes, M. E.-G. Chemical examination of local plants. XIV.

(8) Synthesis of 20 and 21 was already reported: Honda, T.; Gribble, triterpenoids from the leaves of Egyptian Callistemon lanceola-
G. W. Design and synthesis of 23,24-dinoroleanolic acid deriva- tus. Aust. J. Chem. 1975, 28, 221-224.
tives, novel triterpenoid-steroid hybrid molecules. J. Org. Chem. (30) Huneck, S. Triterpene-IV. Die Triterpensfuren des Balsams von
1998, 63, 4846-4849. Liquidambar orientalis Miller. Tetrahedron 1963,19,479-482.
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(12) DDQ oxidation of B-3 in benzene (reflux) did not give B-13 at (Yakugaku Zasshi) 1933, 53, 593-612.
all. (34) Sahu, N. P.; Mahato, S. B.; Chakravarti, R. N. Effect of Raney
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(17) In addition to 5, these conditions also gave the completely N. E.; Sub, N.; Williams, C.; Sporn, M. B. Novel A-ring cleaved
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We have designed and synthesized 16 new olean- and urs-l-en-3-one triterpenoids with various
modified rings C as potential antiinflammatory and cancer chemopreventive agents and
evaluated their inhibitory activities against production of nitric oxide induced by interferon-y
in mouse macrophages. This investigation revealed that 9(11)-en-12-one and 12-en-li-one
functionalities in ring C increase the potency by about 2-10 times compared with the original
12-ene. Subsequently, we have designed and synthesized novel olean- and urs-l-en-3-one
derivatives with nitrile and carboxyl groups at C-2 in ring A and with 9(11)-en-12-one and
12-en-ll-one functionalities in ring C. Among them, we have found that methyl 2-cyano-3,
12-dioxooleana-l,9(ll)-dien-28-oate (25), 2-cyano-3,12-dioxooleana-l,9(ll)-dien-28-oic acid (CDDO)
(26), and methyl 2-carboxy-3,12-dioxooleana-1,9(ll)-dien-28-oate (29) have extremely high
potency (ICso = 0.1 nM level). Their potency is similar to that of dexamethasone although they
do not act through the glucocorticoid receptor. Overall, the combination of modified rings A
and C increases the potency by about 10 000 times compared with the lead compound,
3-oxooleana-1,12-dien-28-oic acid (8) (IC.0 = 1 yM level). The selected oleanane triterpenoid,
CDDO (26), was found to be a potent, multifunctional agent in various in vitro assays and to
show antiinflammatory activity against thioglycollate-interferon-y-induced mouse peritonitis.

Introduction of derivatives of commercially available oleanolic acid
Oleanane and ursane triterpenoids are pentacyclic (1) and ursolic acid (2) (cf. Scheme 1).

compounds with 30 carbon atoms, biosynthetically To discover antiinflammatory and cancer chemopre-
derived from the cyclization of squalene.1 This is a vast ventive drugs from these derivatives, we have adopted
class of natural products whose structural diversity an assay system that measures inhibition of nitric oxide
includes a wide array of functional groups.2 Many (NO) production induced by interferon-y (IFN-y) in
compounds of this group are reported to have various mouse macrophages4 as a preliminary screening assay
interesting biological, pharmacological, or medicinal system. In a previous paper,6 we reported that olean-
activities including antiinflammatory and anticarcino- 12-ene triterpenoids with a 1-en-3-one functionality
genic activities.3 However, in many cases, the potency having nitrile, methoxycarbonyl, and carboxyl groups
of these triterpenoids is relatively weak. Therefore, at C-2 in ring A, 3-7, show significant potency [IC50 =anticipating highly potent novel structures, we began 0.01-0.1 uM level, about 10-100 times more potent
bioassay-directed systematic drug design and synthesis than the lead compound 8 (IC50 = 1 uM level)] in this

assay. As a continuation of this work, we have synthe-tPart of this work has been reported in preliminary form: (a) sized 16 new olean- and urs-l-en-3-one derivatives with
Honda, T.; Finlay, H. J.; Gribble, G. W.; Suh, N.; Sporn, M. B. New
enone derivatives of oleanolic acid and ursolic acid as inhibitors of nitric various modified rings C, 9-24, and evaluated their
oxide production in mouse macrophages. Bioorg. Med. Chem. Lett. inhibitory activities in the above assay. This investiga-
1997, 7, 1623-1628. (b) Honda, T.; Rounds, B. V.; Gribble, G. W.; Suh, tion revealed that 9(11)-en-12-one, 12-en-li-one, and 13-
N.; Wang, Y.; Sporn, M. B. Design and synthesis of 2-cyano-3,12-
dioxooleana-1,9-dien-28-oic acid, a novel and highly active inhibitor (18)-en-li-one functionalities in ring C increase the
of nitric oxide production in mouse macrophages. Bioorg. Med. Chem. potency by about 2-10 times compared with the original
Lett. 1998, 8, 2711-2714. (c) Honda, T.; Rounds, B. V.; Bore, L.; 12-ene. Subsequently, we have designed and synthe-
Favaloro, F. G., Jr.; Gribble, G. W.; Suh, N.; Wang, Y.; Sporn, M. B.
Novel synthetic oleanane triterpenoids: a series of highly active sized novel olean- and urs-l-en-3-one derivatives with
inhibitors of nitric oxide production in mouse macrophages. Bioorg. nitrile, methoxycarbonyl, and carboxyl groups at C-2 in
Med. Chem. Lett. 1999, 9, 3429-3434.
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Scheme 1l
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11: R1 =Me, R2 =H 12: R1 =Me, R2 =H 15
13:R 1 = H, R2 = Me 14:R 1 =H, R2 =Me

"a Reagents: (a) CH2N2, Et20, THF; (b) Ac2O, pyr; (c) CrO 3, pyr, CHI2C12; (d) KOH, aq MeOH; (e) Jones; (f) PhSeC1, EtOAc, 30% H202,
THF; (g) LII, DMF.

Scheme 2a

O 0 0

a, b, c11
1 ab,c CO2 Me e CO 2Me g C02R

9

AcO . 0
0 C

49: 9a-H 50: •a-H, X = P-OH, H 16: 9a-H, R = Me

52: A 9(11)) d 53: A90'), X = P-OH, H 9: A90 1 ), R = Me
f h

51: 9a-H, X = O 17:9a-H,R=H
54:A X11),X=O 10:A 9 (11 ,R=H

CO2 H f J 0 CO2H
HO- 0

HO 0 0.

55: 9a-H 56: ga-H 19: 9a-H
57: A9(11) 58: A9011) 18:A9(11) 21

"a Reagents: (a) CH 2N2, Et2O, TI-EF; (b) Ac2O, pyr; (c) 30% H202, AcOH; (d) Br 2, HBr, AcOH; (e) KOH, aq MeOH; (C) Jones; (g) PhSeC1,
EtOAc, 30% H202, THE; (h) LiU, DMF; Ci) NH2NH2, KOH, diethylene glycol; Qi) mCPBA, CH12C02.

structure-activity relationships (SARs) of these novel (Lil) in NN-dimethylformamide (DMF)9 gave ofi- and
triterpenoids in detail. fi,y-unsaturated ketones 12 and 15 in 43% and 22%

yield, respectively. C-3 alcohol 47 was obtained quan-
Chemistry titatively by alkaline hydrolysis (reflux) of known

Modification of Ring C and Carboxyl Group at acetate 46,10 which was prepared in three steps from
C-17. Enones 9-21 were designed and synthesized to ursolic acid (2). Jones oxidation of 47 gave C-3 ketone
discover what structures of ring C enhance potency in 48 in 89% yield. Enone 13 was prepared in 93% yield
comparison with the original 12-ene, i.e., the lead from 48 by the same method as for 11. Halogenolysis
compound 85 (Schemes 1-3).6 In addition, enones 22- of 13 gave acid 14 in 58% yield.'
24 were designed and synthesized to learn which Similarly, enone 16 was synthesized in 74% yield via
functionality at C-17 is most appropriate (Scheme 4). 50 and 51 from C-12 ketone 49, which was prepared in

Enone 11 was prepared by introduction of a double three steps from 1 according to a known method,12,"3

bond at C-1 of known C-3 ketone 45,7 which was and enone 9 was also synthesized in 60% yield via 53
prepared in five steps from oleanolic acid (1), with and 54 from known C-12 ketone 52 which was prepared
phenylselenenyl chloride in ethyl acetate and sequential from 49 with bromine and hydrobromic acid in acetic
addition of 30% hydrogen peroxide (PhSeC1-H 20 2) acid.' 4 Halogenolysis of enones 16 and 9 gave acids 17
(yield, 97%).8 Halogenolysis of 11 with lithium iodide and 10 in 62% and 68% yield, respectively. Enone 19
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Scheme 3a oxidation of 18 with m-chloroperbenzoic acid (mCPBA)
in methylene chloride (CH 2C12). Enone 20 was synthe-
sized in 37% yield via 60 from known diene 5917 which
was prepared in five steps from 1. Interestingly, Jones

a~bc, de COR h 15 oxidation of 20 afforded the same deconjugated enone
15 (yield, 28%) as halogenolysis of 11. Enone 22 was
prepared in 83% yield from krukovine A acetate (61),
which was previously synthesized in our laboratory.'8

59: R Me Alkaline hydrolysis (at room temperature)19 of 22 gave
= M f enone 23 in 78% yield. Ratcliffe oxidation 20 of 23 with

60:A , R-Me chromium trioxide and pyridine in CH 2C12 'afforded
20: A1, R = H )g aldehyde 24 in 89% yield.

a Reagents: (a) CH 2N2, Et 20, THF; (b) Ac20, pyr; (c) Se02, Among these new synthetic enones, 9-12 and 15
AcOH; (d) KOH, aq MeOH; (e) Cr0 3, pyr, CH 2C12; (f) PhSeC1, showed more inhibitory activity than the lead compound
EtOAc, 30% H202, THF; (g) LiI, DMF; (h) Jones. 8 on production of NO-induced IFN-y in mouse macro-

Scheme 4a phages (see Table 1). Overall, 9(11)-en-12-one, 12-en-
11-one, and 13(18)-en-11-one functionalities in ring C
increase the potency by about 2-10 times compared
with the original 12-ene.

0 a 0 Combination of Modified Ring A with Ring C.
H2 OAc a • . R On the basis of our previous results,5 in which olean-

-R 12-ene triterpenoids with a 1-en-3-one functionality
0 0v having nitrile, methoxycarbonyl, and carboxyl groups

at C-2 in ring A, 3-7, are about 10-100 times more
61 22: R = CH 2OAc "b potent than 8 (see Table 1), and the above results, we

23: R =CH2OH have designed and synthesized novel oleanane and

24: R =CHO c ursane triterpenoids with modified rings A and C, 25-
35. In addition, to further discern SARs, amide 36 anda Reagents: (a) PhSeCI, EtOAc, 30% H20 2, THF; (b) KOH, aq enal 37 were designed and synthesized because amideMeOH; Cc) Cr03 , pyr, CH3 C13 . 41 and enal 42 showed low potency and toxicity,

was obtained in 68% yield from known C-3 ketone 5615 respectively, in our previous evaluation (see Table 1).5
which was synthesized via 55 from 49. Enone 18 was The syntheses of these newly designed triterpenoids are
obtained in 76% yield via 58 from acid 57, which was illustrated in Schemes 5-7.
prepared in 53% yield from 52 by Wolff-Kishner Hydroxymethylene 6221 was prepared in 99% yield
reduction. Epoxide 2116 was prepared in 46% yield by by formylation of 54 with ethyl formate in the presence

Scheme 5a
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65: R, = Me, R2 = H, C= 66: RI =Me, R2 H,C= 67a: R = Me, R2 =HC68: R 1 = H, R2 =Me, C= 69: R, = H, R 2 =Me, C= 70a: R1 = H, R2 = Me, C=

R, RNC-
R2 R2N

CO2 Me e C CO2H
64b: 2a-CN, 64c: 2P-CN

0 0 • O67b: 2a-CN, 67c: 21-CN

F 70b: 2a-CN, 70c: 2P-CN
25:R 1 =Me, R2 = H, C 26:R, =Me, R2 H, C=

31: R, =Me, R2 =H, C= 32:Rl =me, R2=H,C= 3:,M, 2 HC
33:R1 = H, R2 = Me, C= 34:R, = H, R2 = Me, C=

a Reagents: (a) HCO2Et, NaOMe, PhI; (b) NH2OH.HC1, aq EtOi-; (c) NaOMe, Et 20, MeOH; (d) DDQ, Phi-; (e) LiI, DMNF.
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Scheme 6a
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a Reagents: (a) Stiles' reagent, DMF; (b) CH 2N2, Et20, THF; (c) PhSeC1, pyr, CH 2012, 30% H202, CH2012; (d) KOH, aq MeOH; (e) LiI,
DMF; (f) H 2SO4 , MeOH; (g) NH2 , MeOH; (h) Si0 2.

Scheme 7a obtained in 82% yield from 30. Amide 36 was prepared
selectively from 27 with saturated ammonia-MeOH

0 (yield, 49%; 88% based on recovered 27). Enal 37 was
synthesized from 62 according to the same method as

aOHC O2Me for 27 (yield, 62%; 74% based on recovered 62).

62 - Biological Results and Discussion
0 H The inhibitory activities [IC5 0 (,M) value] of synthetic

37 triterpenoids 3-44, oleanolic acid (1), ursolic acid (2),
a Reagents: (a) PhSeC1, pyr, CH 2C12 , 30% H202, CH 2C12 . hydrocortisone, and dexamethasone (both glucocoriti-

coids are used as positive controls) on NO productionof sodium methoxide in benzene. 22 Isoxazole 63 was induced by IFN-y in mouse macrophages are shown in

obtained in 66% yield from 62 by the addition of Table 1. These derivatives are arranged categorically

hydroxylamine. 23 Cleavage of the isoxazole moiety of 63 Table 1. The derivation a f poted torthe

with sodium methoxide gave nitrile 64 quantita- i order of the amplification of potency due to the

tively.23,24 CDDO methyl ester (25) was prepared in 92% structure of ring C. Among novel synthetic oleanane and

yield by 2,3-dicbloro-5,6-chcyano-1,4-benzoquinone (DDQ) ursane triterpenoids, 25, CDDO (26), and 29 showed

oxidation of 64 in benzene, although PhSeC1-H 20 2 gave extremely high potency (iC50 = 0.1 nM level). Their

25 in only 40% yield. Halogenolysis of 25 gave CDDO potency is equivalent to that of dexamethasone although

(26) in 68% yield. Similarly, olean-12-en-11-one deriva- their inhibitory activity is not blocked by the glucocor-

tive 31 was synthesized in 53% yield via 65,21 66, and ticoid antagonist, RU-486, 2s which reverses the action

6724 from 45. Halogenolysis of 31 gave oLfi- and fl,y- of dexamethasone (data not shown).

unsaturated ketones 32 and 35 in 37% and 16% yield, This series of synthetic triterpenoids showed the

respectively. Urs-12-en-11-one derivative 33 was also following interesting SARs: (1) A 9(11)-en-12-one func-

synthesized in 61% yield via 68,2169, and 7024 from 48. tionality is the strongest enhancer of potency among
Halogenolysis of 33 gave acid 34 in 60% yield." structures of ring C. Oleanane triterpenoids 10 and 9

Ester 71 was prepared in 78% yield from C-3 ketone (IC50 = 0.1 1uM level) are about 10-100 times more

54 by Stiles' reagent (methoxymagnesium methyl car- potent than the lead compounds 8 (ICso = 1/uM level)

bonate) in DMF,25 followed by methylation with diazo- and 43 (ICs0 = 10 uM level), respectively. (2) 12-En-11-
methane. 1H NMR showed that 71 in CDC13 is the single one, 13(18)-en-11-one, and 12-one functionalities also
tautomer depicted in Scheme 6. Enone 27 was prepared enhance potency. Oleanane triterpenoids 11, 12, 15, and
from 71 by PhSeCl-pyridine in CH2C12 and sequential 17 are more potent than.8. Also, ursane triterpenoids
addition of 30% H20 2

26 (yield, 71%; 88% based on 13 and 14 are more potent than 44. (3) A 9(11)-ene
recovered 71). Hydrolysis (reflux) of 27 with potassium functionality shows similar potency to the original 12-
hydroxide in aqueous methanol (MeOH) gave C-2 car- ene (compare 18 with 8). (4) The saturated ring C, 11,-
boxylic acid 29 and decarboxylated enone 9 in 78% and 13(18)-diene, and 9,11-epoxide are less potent than the
8% yield, respectively. Because of the steric hindrance original 12-ene (compare 19-21 with 8). (5) Carboxyl,
of the methoxycarbonyl group at C-17 of 27, the above methoxycarbonyl, and nitrile groups at C-2 enhance
conditions gave monoesters 29 and 9 selectively. Halo- potency.5 Oleanane triterpenoids 3-7 (IC50 = 0.01-0.1
genolysis of 29 gave dicarboxylic acid 30 and decarboxy- 14M level) are about 10-100 times more potent than 8.
lated enone 10 in 47% and 24% yield, respectively. Ursane triterpenoids 38 and 39 are more potent than
Interestingly, methylation of 30 with MeOH under 44. (6) The combination of a 9(11)-en-12-one functional-
acidic conditions gave a mixture of desired monoester ity with nitrile and carboxyl groups at C-2 enhances the
28 and Michael adduct 72.27 The ratio of 28 to 72 was potency synergistically. Oleanane triterpenoids 25, CDDO
determined to be 4:5 by 1H NMR. Because the adduct (26), and 29 (IC50 = 0.1 nM level) are about 10 000 times
72 was readily transformed into 28 under purification more potent than 8 (see Figure 1). (7) Although com-
conditions (see Experimental Section), 28 was finally pounds 27 and 30 were also expected to show similar
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Table 1. Activity of Olean-l-en-3-one and Urs-l-en-3-one Triterpenoids

1.iL 222
R12R C '

3A B' 15 A

olean-1 -en-3-one urs-1 -en-3-one

compd skeleton' structure of RRformula analyses' activity'
ring C at C-2 at C-17 IC50(gm)

9 0 H C0 2Me C,,H,.0 4.1f3H,0 C,H 0.7
10 0 H C0 2H CFL,204*1/3H 20 C,H 0.2
25 0 0CN CO2me C32H430 4N C,H,N 0.0001
26 0 CN CO2H. C3IH41O4N C,H,N 0.0002
27 0 CO2Me CO2Me C33H.~0 6  C,H toxic"
28 0 CO2Me COH C32H,0 6*1/3H 20 C,H 0.1
29 0 - CO2H CO2Me C32H,0 6.1/2H,0 C,H 0.0008
30 0 C02H COH C31H4201*1/2H 20 C,H 0.2
36 0 CONH, CO2Me C32 H4505N.1/3H,0 C,H,N 0.1
37 0 CHO C0 2 Me C32HAO,-5/4HO C,H 0.1
11 0 H CO2Me C31H440, C,H 2.8
12 0 H CO1H CH~,H42041/4H,0 C,H 1.1
13 U H CO2Me C3,HI04.1/4H,0 C,H 8.9
14 U 0H COH CIH420 4 -1/4H20 C,H 5.1
22 0 H CH2OAc C32H"O4  C,H >40
23 0 2~KH CH20H CIH1O3-1f2H2 O C,H 3.0
24 0 H CHO C~ 4 0./H0 C,H 3.8
31 0 CN CO2Me C3,H,,0 4NI1/3H 20 'C,H,N 0.02
32 0 CN COH C31H4,0,N.1/3H,0 C,H,N 0.04
33 U CN COMe C32H430 4N C,H,N 0.1
34 U CN COH C31H4 0O4 N-H2O C,H,N 0.8

15 0 H C0 2H Cji,3H,203/4H,0 C,H 2.6

35 0 CN COZH C,,H 410,N*1/2H,0 C,H,N 0.07

0
16 0 H CO2me C31H460 4  C,H 14

17 0 1H COH C3.H.0 4.2/3H2 0 C,H 3.3

18 0 ujII H C02H CH,03.1/2HO C,H 5.2

43 0 H CO2me C31H460 3  ref 32 31
8 0 H COH CH,1O3.3/4H,0 ref 5 5.6

44 U H COH C30H.0 3  ref 33 13
3 0 CN CO2Me C,,H 410IN-1/4H 20 ref 5 0.7
4 0 CN COH C3,H4303N. 112H20 ref 5 0.6

38 U K CN CO2me C31H41O 3N-3/4H,0 ref 5 5.1
39 U C.tk.N C0 2H C,,1H303N.H,0 ref 5 6.2

5 0COMe OM 3H ref 5 0.9
40 0 CO2Me COH C32H4603 ref 5 2.2
6 0 C02H CO2me CH,4 O05 1/2H,0 ref 5 0.8
7 0 _CO 2H C0 2H C3,H440 ref 5 0.07

41 0 CONH 2  COMe C32H410 4N.3f4H,0 ref 5 14
42 0 CHO CO.Me C32HO. ref 5 toxic'
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Table 1 (Continued)

compd skeleton' structure of R, R2  formula analysesb activity,
ring C at C-2 at C-17 IC,0(11M)

19 0 j H CO2H CH,H603'2/3HO C,H 8.5

20 0 h H CO2H CXH4203'H20 C,H 9.7

21 0 OL H . CO2H C•,H.O,.1/2H 20 C,H 36

1 oleanolic acid >40
2 ursolic acid toxic'

hydrocortisone 0.01
dexamethasone 0.0001

a 0, olean-l-en-3-one; U, urs-l-en-3-one. b C, H, and N analyses were within ±0.4% of the theoretical values. Details of the evaluation
method are described in the Experimental Section. IC50 values of compounds 7,25, 26, 29, 31, 32, 35, hydrocortisone, and dexamethasone
were determined in the range of 0.1 pM-1 yM (10-fold dilutions). The other compounds were assayed in the range of 0.01-40/1M (4-fold
dilutions). Values are an average of two separate experiments. d Compounds 27 and 42 were toxic to cells above 1MM and were not active
below 1 yM. e Ursolic acid (2) was toxic to cells above 10/MM and was not active below 10 pM.

.. 31, 32, and 35 (I05 = 0.01 yM level) are about 100

o times more potent than 8. Also, ursane triterpenoids 33
Xl .000 and 34 (IC5o = 0.1 uM level) are about 100 times more

NCC02H NC C0 2H potent than 44 (IC50 = 10/uM level). (10) The oleanane
NC skeleton is more potent than the ursane skeleton.

0...H-Oleanane derivatives 3, 4, 8, 11, 12, 31, and 32 are more
0T, potent than ursane derivatives 38, 39, 44, 13, 14, 33,
4 (IC50 =. .1 gM level) 26 (IC50 =0.0001 iM level) and 34, respectively. (11) Acetoxymethyl, hydroxy-

-. methyl, and formyl groups at C-17 decrease potency
compared with the carboxyl group at 0-17 (compare 22-
24 with 12). (12) The role of methoxycarbonyl and

X10 10,000 X1,000 carboxyl groups at C-17 is ambiguous. In some ana-
logues, the carboxyl group is more potent than the
methoxycarbonyl group: acids 7, 8, 17, and 28 are more
potent than esters 6, 43, 16, and 27, respectively. For

x00 0 other analogues, the carboxyl and methoxycarbonyl
groups show similar potency: acids 4, 26, 32, and 39

CO2H I CO2H show similar potency to esters 3, 25, 31, and 38,SC- respectively. Acids and esters with a nitrile group at
o0 - H 0 C-2 seem to show this tendency although the reason is

unknown. Lastly, acids 30 and 40 are less potent than
8 (1050 = 1 [iM level) 10 (ICso = 0.1 g•M level) esters 29 and 5, respectively.

Figure 1. SARs between CDDO (26) and its lead compounds The selected oleanane, triterpenoid, 2-cyano-3,12-
4, 8, and 10. dioxooleana-1,9(11)-dien-28-oic acid (CDDO) (26), was

high potency to CDDO from the perspective of SARs, found to be a potent, multifunctional agent in various
they did not (compare them with 5 and 7). The reason in vitro assays. 29 For example, CDDO induces monocytic
diacid 30 did not show high potency might be that the differentiation of human myeloid leukemia cells and
higher polarity than that of monoacids 26 and 29 adipogenic differentiation of mouse 3T3-L1 fibroblasts.3 0

influences the bioavailability and permeability toward CDDO inhibits proliferation of many human tumor cell
macrophages. (8) The combination of a 9(11)-en-12-one lines. CDDO blocks de novo synthesis of inducible nitric
functionality with amide and formyl groups at C-2 does oxide synthase (iNOS) and inducible cyclooxygenase
not enhance potency as strongly as a nitrile or carboxyl (COX-2) in mouse macrophages. CDDO will protect rat
group as expected from the consideration of the activity brain hippocampal neurons from cell death induced by
of oleana-1,12-dien-3-one with amide and formyl groups P-amyloid. The above potencies have been found at
at C-2 (compare 36 and 37 with 41 and 42, respectively), concentrations ranging from 10-6 to 10-9 M in cell
(9) The combination of 12-en-li-one and 13(18)-en-11- culture. In addition, CDDO shows antiinflammatory
one functionalities with a nitrile group at C-2 also activity against thioglycollate-IFN-y-induced mouse
strongly enhances the potency. Oleanane triterpenoids peritonitis (0.1 zmol of CDDO/mouse, ip: a complete
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suppression of both NO production and iNOS protein 7.33 (1H, d, J = 10.6 Hz), 6.02 (1H, s), 5.93 (1H, d, J = 10.6
synthesis; 0.01/umol of CDDO/mouse, ip: more than Hz), 3.02 (1H, ddd, J = 3.4, 4.9, 13.7 Hz), 2.96 (1H, d, J = 4.9

50% suppression in these measurements). 31 CDDO may Hz), 1.41, 1.32, 1.19, 1.11, 1.02, 1.00, 0.90 (each 3H, s). 'BC

be a potential drug candidate for inflammatory diseases NMR (CDC13): 6 203.8, 199.6, 183.9, 171.7, 155.0, 126.1, 123.8,
49.9, 48.4, 47.2, 45.8, 44.8, 42.2, 41.9, 35.9, 34.6, 33.4, 33.1,

and chemoprevention of cancer. 32.3, 31.6, 30.8, 28.2, 27.3, 27.1, 24.8, 23.2, 22.7, 21.83, 21.75,
Currently, further biological evaluation of CDDO, 25, 18.5. EIMS (70 eV) m/z: 466 [M]+ (100), 451 (42), 301 (17),

and 29 in vitro and in vivo for both antiinflammation 244 (45). HREIMS Calcd for CaoIH4204: 466.3083. Found:

and chemoprevention is in progress. Further studies on 466.3064. Anal. (Table 1).

the mechanism of action of these compounds also are Methyl 3,11-Dioxooleana-1,12-dien-28-oate (11). 11 was

in progress. prepared from methyl 3,11-dioxoolean-12-en-28-oate (45)7 ac-
cording to the same method as for 9 to give a crystalline solid
(97%). This material was used for the next reaction without

Experimental Section further purification. An analytically pure sample was obtained

General Experimental Procedures. Melting points were by flash column chromatography [hexanes-EtOAc (3:1)],

determined on a Thomas-Hoover capillary melting point followed by recrystallization from a mixture of hexanes and

apparatus and are uncorrected. Optical rotations were mea- EtOAc (3:1) as crystals: mp 189-191 °C; [a.]24D +152' (c 0.34,

sured with a Jasco DIP-181 digital polarimeter. UV and IR CHCls). UV (EtOH) Am. (log e): 248 (4.26) nm. IR (KBr): 2942,

spectra were recorded on a Hewlett-Packard 8451A UV/VIS 2861, 1725, 1666, 1648 cm- 1. 1H NMR (CDCI3): 6 7.79 (1H, d,

spectrophotometer and a Perkin-Elmer 600 series FTIR spec- J = 10.3 Hz), 5.81 (1H, d, J = 10.3 Hz), 5.74 (1H, s), 3.66 (3H,

trophotometer, respectively. 1H (300 MHz) and 13C (75 MHz) s), 3.05 (1H, dd, J = 4.6, 14.9 Hz), 2.67 (1H, s), 2.08 (1H, ddd,
NMR spectra were recorded on a Varian XL-300 Fourier J = 4.0, 13.7, 13.7 Hz), 1.39 (6H, s), 1.16, 1.11, 0.97, 0.96, 0.95

transform spectrometer unless otherwise stated. The chemical (each 3H, s). 13C NMR (CDC13): 6 204.7, 199.3, 177.6, 170.4,

shifts are reported in 6 (ppm) using the 6 7.27 signal of CHC13  161.8, 127.6, 124.8, 55.7, 52.9, 52.1,46.3, 45.3,44.9, 44.4,43.9,
('H NMR) and 6 77.23 signal of CDC13 (1SC NMR) as an 42.0, 39.1, 33.8, 33.0, 32.3, 31.7, 30.9, 28.0, 27.8, 23.8, 23.6,
internal standard unless otherwise stated. Low-resolution 23.0, 21.7, 20.1, 19.4, 18.3. EIMS (70 eV) m/z: 480 [M] (88),
mass spectra and high-resolution MS data were obtained on 465 (15), 421 (24), 397 (52), 276 (36), 257 (47), 217 (100).
a Micromass 70-VSE unless otherwise stated. Elemental HREIMS Calcd for C3 1H440 4: 480.3240. Found: 480.3231.
microanalysis was performed by Atlantic Microlab Inc. TLC Anal. (Table 1).
and preparative TLC (prep-TLC) were performed with Merck 3,11-Dioxooleana-1,12-dien-28-oic Acid (12) and 3,11-
precoated TLC plates silica gel 60 F2s4. Flash column chro- Dioxooleana-1,13(18)-dien-28-oic Acid (15). 12 and 15 were
matography was done with Select Scientific silica gel (230- prepared from 11 by the similar method as for 10 except that
400 mesh). The standard workup method was as follows: an the reaction time was 2 h. The reaction mixture was subjected
organic extract was washed with saturated aqueous NaHCO3  to prep-TLC [hexanes-EtOAc (3:5)] to give 12 as an amor-
solution (three times) followed by saturated aqueous NaCl phous solid (43%) and 15 as a crystalline solid (22%). 12: [a]2 4D
solution (three times), then dried over anhydrous MgSO 4, and +161° (c 0.51, CHC13). UV'(EtOH) A.. (log E): 248 (4.35) nm.
filtered. The filtrate was evaporated in vacuo. IR (KBr): 3154, 2948, 2869, 1732, 1652, 1620 cm-'. H NMR

Methyl 3,12-Dioxooleana-1,9(11)-dien-28-oate (9). A (CDC13): 6 7.77 (1H, d, J = 10.3 Hz), 5.81 (1H, d, J = 10.3
solution of 54 (145 mg, 0.30 mmol) and phenylselenenyl Hz), 5.74 (1H, s), 3.02 (1H, dd, J = 4.3, 13.6 Hz), 2.67 (1H, s),
chloride (98%) (69 mg, 0.35 mmol) in EtOAc (7 mL) was stirred 2.09 (1H, ddd, J = 5.2, 14.3, 14.3 Hz), 1.39, 1.38, 1.15, 1.08,
at room temperature for 2.5 h. To the stirred mixture was 0.97, 0.96, 0.95 (each 3H, s). 13C NMR (CDCla): 6 204.8, 199.4,
added water (1.5 mL). After most of the aqueous layer was 183.2, 170.1, 161.8, 127.9, 124.9, 55.7, 52.9, 46.2, 45.4, 44.9,
removed, THF (2.7 mL) and 30% H 20 2 (0.24 mL) were added 44.3, 44.0, 41.8, 39.1, 33.8, 33.0, 32.4, 31.7, 30.9, 28.0, 27.9,
to the organic layer. The mixture was stirred at room tem- 23.8, 23.6, 22.7, 21.7, 20.2, 19.7, 18.2. FABMS (NBA, by a VG
perature for I h. The mixture was worked up according to the analytical ZAB 2SE) m/z: 467 [M + H]+. HRFABMS (by a VG
standard method to give a crude solid (134 mg). The solid was analytical ZAB 2SE) Calcd for C30H420 4 + H: 467.3161.
subjected to flash column chromatography [hexanes-EtOAc Found: 467.3161. Anal. (Table 1). 15: mp >190 'C dec; [a]

25
D

(5:1)] to give 9 as an amorphous solid (96 mg, 67%): [aX]23
D -16' (c 0.26, CHCls). UV (EtOH) Amax (log E): 210 (4.16), 226

+58' (c 0.64, CHCl3). UV (EtOH) A (log e): 240 (4.20) nm. (4.15), 300 (3.16) nm. IR (KBr): 3200, 2946, 2866, 1692 cm-.
IR (KBr): 2948, 2872, 1723, 1666, 1598 cm-1. 1H NMR 'H NMR (CDCla): 6 7.46 (1H, d, J = 10.1 Hz), 5.82 (1H, d, J
(CDCls): 6 7.33 (1H, d, J = 10.5 Hz), 6.00 (1H, s), 5.92 (1H, d, = 10.1 Hz), 3.56 (1H, d, J = 17.8 Hz), 2.88 (1H, d, J = 17.8
J = 10.5 Hz), 3.69 (3H, s), 3.04 (1H, ddd, J = 3.4, 4.6, 13.4 Hz), 2.65 (1H, s), 2.31 (2H, in), 2.09 (1H, m), 1.44, 1.31, 1.16,
Hz), 2.91 (1H, d, J-= 4.6 Hz), 1.41, 1.31, 1.19, 1.12, 1.01, 1.00, 1.10, 0.96, 0.93, 0.76 (each 3H, s). 13C NMR (CDC13): 6 208.6,
0.89 (each 3H, s). 13C NMR (CDCls): 6 203.7, 199.8, 178.4, 204.8, 181.9, 160.8, 133.8, 129.9, 125.1, 58.0, 52.9, 48.1, 44.8,
171.6, 155.0, 126.1, 123.8,52.1,49.8,48.5,47.4,45.8,44.9, 42.2, 44.3, 44.1, 43.4, 41.1, 39.1, 36.7, 35.7, 33.03, 32.95, 32,8, 32.2,
42.0, 36.0, 34.7, 33.5, 33.0, 32.3, 31.7, 30.8, 28.2, 27.3, 27.1, 27.7, 26.6, 24.2, 21.8, 20.2, 20.1, 19.2, 18.8. FABMS (NBA, by
24.7, 23.3, 22.8, 21.84, 21.81, 18.6. EIMS (70 eV) m/z: 480 [M]÷ a VG analytical ZAB 2SE) mfz: 467 [M + Hl+. HRFABMS (by
(99), 465 (100), 446 (42), 405 (27), 315 (41), 244 (44). HREIMS a VG analytical ZAB 2SE) Calcd for C3WH 420 4 + H: 467.3161.
Calcd for C31H440 4: 480.3240. Found: 480.3238. Anal. (Table Found: 467.3187. Anal. (Table 1).
1). Methyl 3,11-Dioxoursa-1,12-dien-28-oate (13). 13 was

3,12-Dioxooleana-1,9(11)-dien-28-oic Acid (10). A mix- prepared from 48 according to the same method as for 9 to
ture of 9 (82 mg, 0.17 mmol) and LiI (405 mg) in dry DMF (2 give a crystalline solid (93%). An analytically pure sample was
mL) was heated under reflux for 7.5 h. To the mixture were obtained by recrystallization from a mixture of hexanes and
added water and 5% aqueous HC1 solution. The mixture was EtOAc (3:1) as crystals: mp 172-174 °C; [C]24

D +1500 (c 0.49,
extracted with a mixture of CH 2C12 and Et 20 (1:2) (three CHC13). UV (EtOH) A.. (log E): 248 (4.26) im. IR (KBr): 2973,
times). The extract was worked up according to the standard 2948, 2866, 1726, 1670, 1655, 1610 cm-'. H NMR (CDCl3): 6
method to give an amorphous solid (78 mag). The solid was 7.75 (1H, d, J = 10.3 Hz), 5.82 (1H, d, J = 10.3 Hz), 5.71 (1H,
subjected to flash column chromatography [hexanes-EtOAc s), 3.63 (3H, s), 2.64 (1H, s), 2.47 (1H, d, J = 11.7 Hz), 2.11
(1:1)] to give 10 as a crystalline solid (54 mg, 68%). An (1H, ddd, J = 4.6, 14.7, 14.7 Hz), 1.41, 1.33, 1.16, 1.11 (each
analytically pure sample was obtained by recrystallization 3H, s), 0.98 (3H, d, J = 7.2 Hz), 0.97 (3H, s), 0.89 (3H, d, J =
from a mixture of hexanes and EtOAc (2:1) as colorless 6.6 Hz). '3C NMR (CDCla): 6 204.7, 198.8, 177.3, 164.5, 161.8,
needles: mp >270 °C dec; [C]23D +630 (c 0.42, CHCl3). UV 130.4, 124.8, 55.5, 53.1, 53.0, 52.1, 47.9, 45.0, 44.9, 44.2, 39.0,
(EtOH) Ama,, (log E): 240 (4.14) nm. IR (KBr): 3117, 2973, 2941, 38.82, 38.79, 36.1, 32.5, 30.5, 28.7, 27.8, 24.0, 21.8, 21.3, 21.2,
2867, 1734, 1710, 1671, 1639, 1598 cm-1. 'H NMR (CDCla): 6 20.1, 19.4, 18.3, 17.3. ElMS (70 eV) m/z: 480 [M]+ (84), 465
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(19), 421 (15), 397 (100), 257 (38), 217 (39). HREIMS Calcd s), 0.90 (6H, s). 13C NMR (CDCls): 6 205.0, 185.0, 157.9, 147.7,
for C31H440 4: 480.3240. Found: 480.3239. Anal. (Table 1). 124.4, 118.6, 49.9, 48.1, 44.7, 44.1, 41.3, 38.6, 36.2, 35.6, 34.4,
S3,11-Dioxoursa-1,12-dien-28-oic Acid (14). 14 was pre- 33.7, 33.6, 33.2, 31.8, 30.8, 28.5, 28.0, 27.2, 26.9, 26.3, 23.6,
pared from 13 by the similar method as for 10 except that the 23.4, 21.7, 18.8, 18.7. FABMS (NBA, by a VG analytical ZAB
reaction time was 1.25 h. The reaction mixture was crystallized 2SE) m/z: 453 [M + H]+. HRFABMS (by a VG analytical ZAB
from a mixture of hexanes and EtOAc (2:1) to give 14 as 2SE) Calcd for CaoH44O 3 + H: 453.3369. Found: 453.3390.
crystals (58%). An analytically pure sample was obtained by Anal. (Table 1).
recrystallization from MeOH as colorless needles: mp >275 3-Oxoolean-l-en-28-oic Acid (19). 19 was prepared from
°C dec; []?4D +1570 (C 0.29, CHCl3). UV (EtOH) Am. (log E): 3-oxoolean-28-oic acid (56)15 according to the same method as
247 (4.17) nm. IR (KBr): 3116, 2983, 2950, 2930, 1720, 1668, for 9. The crude solid was subjected to flash column chroma-
1628 cm-1. 'H NMR (CDCI3): 6 7.74 (1H, d, J = 10.3 Hz), 5.82 tography [hexanes-EtOAc (3:1)] to give 19 as an amorphous
(1H, d, J = 10.3 Hz), 5.71 (1H, s), 2.65 (1H, s), 2.44 (1H, d, J solid (68%): [a]24D +30* (C 0.55, CHC13). UV (EtOH) ,Ia (log
- 11.2 Hz), 2.13 (1H, m), 1.41, 1.34, 1.15, 1.08 (each 3H, s), 0): 236 (3.90) nm. IR (KBr): 3200, 2944, 2866, 1729, 1692,
0.99 (3H, d, J = 7.2 Hz), 0.97 (3H, s), 0.89 (3H, d, J = 6.3 Hz). 1672 cm-1. 1H NMR (CDCla): 6 7.11 (1H, d, J = 10.2 Hz), 5.82
13C NMR (CDC1): 6 204.8, 199.0, 183.1, 164.3, 161.7, 130.6, (1H, d, J = 10.2 Hz), 2.22 (1H, m), 1.13, 1.06, 1.04, 0.99, 0.96,
124.8, 55.4, 52.9, 52.8, 47.7, 45.0, 44.9, 44.2, 39.0, 38.8, 38.7, 0.92, 0.88 (each 3H, s). 1

3 C NMR (CDCls): 6 205.7, 184.9, 159.8,
36.2, 32.5, 30.4, 28.6, 27.8, 23.7, 21.7, 21.3, 21.1, 20.2, 19.6, 125.4, 53.5, 48.1, 44.8, 44.7, 42.9, 40.8, 39.7, 37.4, 36.7, 36.5,
18.2, 17.2. FABMS (NBA, by a VG analytical ZAB 2SE) m/z: 34.5, 33.6, 33.4, 32.5, 30.6, 28.5, 28.0, 26.9, 23.6, 23.3, 21.6,
467 [M + HM+. HRFABMS (by a VG analytical ZAB 2SE) Calcd 19.2, 17.2, 16.9. FABMS (NBA, by a Micromass ZAB-SE) m/z:
for C3oH4 20 4 + H: 467.3161. Found: 467.3202. Anal. (Table 455 [M + H]+. HRFABMS (by a Micromass 70-SE-4F) Calcd
1). for C3oH4603 + H: 455.3525. Found: 455.3518. Anal. (Table

3,11-Dioxooleana-1,13(18)-dien-28-oic Acid (15). To a 1).
solution of 20 (106 mg, 0.24 mmol) in acetone (6.5 mL) was 3-Oxooleana-1,11,13(18)-trien-28-oic Acid (20). 20 was
added Jones reagent (0.36 mL) dropwise in an ice bath. The prepared from 60 by the similar method as for 10 except that
mixture was stirred at room temperature for 30 min. After the reaction time was 4 h. The crude solid was subjected to
removal of acetone, water was added to the resultant mixture. prep-TLC [hexanes-EtOAc (2.5:1)] to give 20 as an amorphous
The aqueous mixture was extracted with CH 2C12 (three times). solid (56%): [a]24D --88° (c 0.44, CHC1S). UV (EtOH) A,,,, (log
The extract was worked up according to the standard method i): 246 (4.35), 252 (4.35) run. IR (KBr): 3167,3036,2944,2863,
to give a solid (80 mg). The solid was subjected to prep-TLC 1727, 1695, 1672 cm- 1. 1H NMR (CDCls): 6 7.27 (1H, d, J =
[hexanes-EtOAc (1.2:1.0)] to give 15 as a crystalline solid (31 10.1 Hz), 6.57 (1H, dd, J = 2.9, 10.5 Hz), 5.89 (1H, d, J = 10.1
mg, 28%). Hz), 5.81 (1H, dd, J = 1.5, 10.5 Hz), 2.57 (1H, d, J = 14.2 Hz),

Methyl 3,12.Dioxoolean-l-en-28-oate (16). 16 was pre- 2.29 (2H, m), 1.174, 1.170, 1.10, 1.00, 0.98, 0.86, 0.82 (each
pared from 51 according to the same method as for 9. The 3H, s). 13C NMR (CDC13): 6 205.7, 182.8, 159.1, 136.6, 132.5,
crude solid was subjected to flash column chromatography 126.5, 125.7, 125.4, 53.4, 48.4, 48.3, 45.0, 42.4, 41.6, 40.8, 39.3,
[hexanes-EtOAc (3:1) followed by hexanes-EtOAc (2:1)] to 37.0, 35.6, 32.9, 32.7, 32.4, 31.9, 27.7, 25.1, 24.3, 21.32, 21.27,
give 16 as an amorphous solid (75%): [i]24D +2.1* (c 0.39, 20.0, 19.2, 16.9. FABMS (NBA, by a VG analytical ZAB 2SE)
CHC1l). UV (EtOH) A.. (log c): 234 (3.85) nm. IR (KBr): 2946, m/z: 451 [M + H]+. HRFABMS (by a VG analytical ZAB 2SE)
2867, 1724, 1700, 1671 cm-1. 1H NMR (CDCI.): 6 6.95 (1H, d, Calcd for C3oH420 3 + H: 451.3212. Found: 451.3240. Anal.
J = 10.3 Hz), 5.84 (1H, d, J = 10.3 Hz), 3.70 (3H, s), 2.82 (1H, (Table 1).
ddd, J = 3.5, 4.2, 13.4 Hz), 2.68 (1H, d, J = 4.2 Hz), 2.49 (1H, 9,11-Epoxy-3-oxoolean-l-en-28-oic Acid (21). A mixture
dd, J = 4.6, 16.4 Hz), 2.33 (1H, dd, J = 13.3, 16.4 Hz), 1.16, of 18 (57 mg, 0.13 mmol) and mCPBA (60%) (43 mg, 0.15
1.11, 1.10, 1.06, 0.99, 0.97, 0.91 (each 3H, s). 13C NMR mmol) in CH 2C12 (3 mL) was stirred at room temperature
(CDC1a): 6 210.4, 204.8, 178.5, 157.2, 126.0, 53.4, 52.2, 52.1, overnight. After the mixture was diluted with a mixture of
47.5, 44.8, 44.2, 42.4, 42.3, 39.5, 38.6, 36.4, 34.6, 33.5, 33.0, CH2C12 and Et 20 (1:2), it was worked up according to the
32.2, 31.6, 30.8, 27.82, 27.76, 23.3, 22.9, 21.6, 20.8, 19.1, 18.5, standard method to give a solid (65 mng). The solid was
16.6. EIMS (70 eV) m/z: 482 [MV+ (5.5), 467 (42), 407 (100), subjected to prep-TLC [hexanes-EtOAc (1.5:1)] to give 21 as
278 (25), 218 (64). HREIMS Calcd for C 1IH460 4: 482.3396. a crystalline solid (27 mg, 46%). An analytically pure sample
Found: 482.3387. Anal. (Table 1). was obtained by recrystallization from MeOH as colorless

3,12-Dioxoolean-l-en-28-oic Acid (17). 17 was prepared needles: mp 253-254 °C; [a]24D -14' (c 0.25, CHCls). UV
from 16 by the similar method as for 10 except that the (EtOH)A (logE): 236(3.88)nm. IR (KBr): 2970, 2945, 1688
reaction time was 4.5 h. The crude material was subjected to cm-1. 'H NMR (CDCls): 6 6.55 (1H, d, J = 10.4 Hz), 5.85 (1H,
prep-TLC [hexanes-EtOAc (1:2)] to give 17 as a crystalline d, J = 10.4 Hz), 3.02 (1H, s), 1.39 (3H, s), 1.07 (6H, s), 1.04,
solid (62%): mp 243-245 °C dec; [a]24D +2.3' (c 0.27, CHC1s). 0.96, 0.92, 0.87 (each 3H, s). 13C NMR (CDCIs): 6204.5, 184.4,
UV (EtOH) Ama (log E): 234 (3.89) nm. IR (KBr): 3166, 2946, 154.4, 125.2, 67.8, 60.2, 47.9, 45.3, 44.9, 42.3, 41.5, 38.4, 37.3,
2866, 1722, 1696, 1668, 1651 cm-1. 1H NMR (CDCla): 6 6.96 35.7, 34.3, 33.6, 33.3, 30.8, 30.0, 28.2, 27.9, 26.9, 24.9, 23.6,
(1H, d, J = 10.4 Hz), 5.84 (1H, d, J = 10.4 Hz), 2.79 (2H, m), 23.3, 21.1, 20.6, 18.7, 18.6. FABMS (NBA, by a VG analytical
2.51 (1H, dd, J = 4.9, 15.9 Hz), 2.35 (1H, dd, J = 13.2, 15.9 ZAB 2SE) m/z: 469 [M + H-+. HRFABMS (by a VG analytical
Hz), 1.17, 1.11 (each 3H, s), 1.10 (6H, s), 1.00, 0.98, 0.93 (each ZAB 2SE) Calcd for CoH4-O 4 + H: 469.3318. Found: 469.3314.
3H, s). 13C NMR (CDC13): 6 210.2, 204.9, 184.2, 157.2, 126.0, Anal. (Table 1).
53.3, 52.2, 47.4, 44.8, 44.1, 42.4, 42.3, 39.5, 38.6, 36.2, 34.6, 3,11-Dioxooleana-1,12-dien-28-yl Acetate (22). 22 was
33.5, 33.2, 32.0, 31.6, 30.8, 27.8, 23.3, 22.8, 21.6, 20.7, 19.1, prepared from 3,11-dioxoolean-12-en-28-yl acetate (61)18 ac-
18.5, 16.7. EIMS (70 eV) m/z: 468 [M]+ (9.7), 453 (15), 407 cording to the same method as for 9. The crude solid was
(39), 218 (19), 83 (100). HREIMS Calcd for Co0H4404: 468.3240. subjected to prep-TLC [hexanes-EtOAc (3:1)] to give 22 as
Found: 468.3221. Anal. (Table 1). an amorphous solid (83%): [E]24

D +131' (c 0.45, CHC1l). UV
3-Oxooleana-1,9(11)-dien-28-oic Acid (18). 18 was pre- (EtOH) A.. (log 0): 246 (4.31) nm. IR (KBr): 2949,2868, 1742,

pared from 58 according to the same method as for 9. The 1665 cm-i. 'H NMR (CDCla): 6 7.72 (1H, d, J = 10.1 Hz), 5.79
crude solid was subjected to prep-TLC [hexanes-EtOAc (2: (1H, d, J = 10.1 Hz), 5.67 (1H, s), 3.97 (1H, d, J = 11.2 Hz),
1)] to give 18 as a crystalline solid (80%). An analytically pure 3.71 (1H, d, J = 11.2 Hz), 2.66 (1H, s), 2.29 (1H, dd, J = 4.2,
sample was obtained by recrystallization from MeOH as 13.2 Hz), 2.07 (3H, s), 2.03 (1H, ddd, J = 4.4, 13.9, 13.9 Hz),
colorless needles: mp >240 °C dec; [aL]% +55' (c 0.28, CHCls). 1.404, 1.397, 1.18, 1.15, 1.11, 0.93, 0.91 (each 3H, s). 'SC NMR
UV (EtOH) ,I (log e): 234 (3.93) nm. IR (KBr): 3138, 3053, (CDCls): 6 204.7, 198.9, 171.2, 170.2, 161.7, 128.3, 124.8, 70.3,
2959, 2930, 2869, 1727, 1693, 1645 cm-'. 'H NMR (CDCls): 6 55.8, 53.0, 45.7, 44.99, 44.96, 43.8, 42.9, 39.0, 36.0, 33.9, 33.0,
7.42 (1H, d, J = 10.4 Hz), 5.85 (1H, d, J = 10.4 Hz), 5.63 (1H, 32.1, 31.2, 31.0, 27.8, 26.1, 23.7, 23.5, 22.1, 21.7, 21.1, 20.2,
t, J = 3.4 Hz), 1.35, (3H, s), 1.16 (6H, s), 1.07, 0.94 (each 3H, 19.0, 18.3. EIMS (70 eV) m/z: 494 [MI+ (100), 446 (92), 411
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(41), 406 (37), 351 (19). HREIMS Calcd for C02H4604: 494.3396. benzene completely, the crystals were dissolved in CH 2Cl 2 (20
Found: 494.3396. Anal. (Table 1). mL) and the solvent was evaporated in vacuo to give benzene-

28-Hydroxyoleana-1,12-diene-3,11-dione (23). A solution free 26 as an amorphous solid (405 mg, 68%): [aL]2 +33 ° (C
of 22 (47 mg, 0.095 mmol) and KOH (300 mg) in MeOH (3 0.28, CHCls). UV (EtOH) AmL, (log E): 240 (4.21) nm. IR
mL) was stirred at room temperature for 20 min. The mixture (KBr): 2950, 2867, 2235, 1692, 1665 cm-1. 1H NMR (CDCls):
was acidified with 5% aqueous HCl solution. The aqueous 6 8.05 (1H, s), 6.00 (1H, s), 3.06-2.98 (2H, in), 1.48, 1.34, 1.25,
mixture was extracted with a mixture of CH 2C12 and Et 2O (1: 1.16, 1.02, 1.00, 0.90 (each 3H, s). 13C NMR (CDCls): 6 199.0,
2) (three times). The extract was worked up according to the 196.8, 183.7, 168.8, 165.9, 124.2, 114.7, 114.5, 49.8, 47.8, 47.1,
standard method to give an amorphous solid (42 mg). The solid 45.9, 45.2, 42.7, 42.3, 35.8, 34.5, 33.3, 33.0, 31.8, 31.5, 30.8,
was subjected to prep-TLC [hexanes-EtOAc (1.7:1)] to give 28.1, 27.1, 26.8, 24.8, 23.2, 22.6, 21.72, 21.71, 18.4. EIMS (70
23 as an amorphous solid (34 mag, 78%): [a] 24D +1450 (c 0.50, eV) mlz: 491 [M]+ (100), 476 (62), 445 (29), 430 (27), 269 (94).
CHC13). UV (EtOH) A.. (log e): 250 (4.13) nm. IR (KBr): 3477, HREIMS Calcd for C- 1H410 4N: 491.3036. Found: 491.3020.
2947, 2865, 1660 cm-1. 1H NMR (CDC13): 6 7.72 (1H, d, J = Anal. (Table 1).
10.3 Hz), 5.80 (1H, d, J = 10.3 Hz), 5.67 (1H, s), 3.48 (1H, d, Methyl 2-Methoxycarbonyl-3,12-dioxooleana-1,9(11)-
J = 11.0 Hz), 3.25 (1H, d, J = 11.0 Hz), 2.67 (1H, s), 2.21 (1H, dien-28-oate (27). To a solution of phenylselenenyl chloride
dd, J = 3.8, 13.6 Hz), 1.97 (1H, ddd, J = 4.4, 13.7, 13.7 Hz), (98%) (78 mag, 0.40 mmol) in CH2 C12 (3.2 mL) in an ice bath
1.41, 1.40 (each 3H, s), 1.16 (6H, s), 1.11, 0.93, 0.91 (each 3H, was added a solution of pyridine (35 mag, 0.44 emtol) in CH 2-
s). 13C NMR (CDCl2 ): 6204.8, 199.1, 171.4, 161.8, 128.0, 124.8, C12 (0.8 mL). After 15 mrin, a solution of 71 (108 mg, 0.20 mmol)
69.8, 55.7, 53.0, 45.8, 45.1, 45.0, 43.9, 43.0, 39.0, 37.2, 34.0, in CH2 I1 2 (1.4 mL) was added and the mixture was stirred an
33.1, 32.2, 31.3, 30.8, 27.8, 26.1, 23.6, 21.8, 21.7, 20.3, 19.0, additional 1 h. After the mixture was washed with 10%
18.4. ElMS (70 eV) m/z: 452 [M]+ (100), 437 (15), 434 (16), aqueous HCO solution (1.6 mL) twice, 30% H20 2 (0.2 mL) was
383 (16), 364 (50), 248 (46). HREIMS Calcd for CsoHI-•0: added to the stirred mixture in the ice bath. After an additional
452.3290. Found: 452.3292. Anal. (Table 1). 40 mrin, the mixture was worked up according to the standard

Oleana-1,12-diene-3,11,28-trione (24). To a stirred mix- method to give a solid (108 mg). The solid was subjected to
ture of Cr03 (70 mag, 0.70 mmol) and pyridine (110 rag, 1.39 flash column chromatography [hexanes-EtOAc (2:1)] to afford
remol) in dry CH 2Cl 2 (2 mL) was added a solution of 23 (53 71 (21 mg) and 27 as colorless needles (76 mg; 71%, 88% based
mg, 0.12 minmol) in dry CH 2C12 (1.5 mL). The mixture was on recovered 71): mp 187-188 0C; [cL]22D +350 (c 0.38, CHC13).
stirred at room temperature for 15 mrin. The mixture was UV (EtOH) A,,. (log E): 246 (4.06) nm. IR (KBr): 2944, 2867,
worked up according to Ratcliffe's procedure 20 to give a crude 1722, 1664, 1597 cm-l. 2H NMR(CDCla): 6 8.05 (1H, s), 6.09
solid of 24 (47 mg, 89%). The solid was recrystallized from a (1H, s), 3.79, 3.69 (each 3H, s), 3.04 (1H, ddd, J = 3.5, 4.5,
mixture of hexanes and EtOAc (2:1) to give 24 as colorless 13.9 Hz), 2.94 (1H, d, J = 4.5 Hz), 1.37, 1.30, 1.18, 1.17, 1.01,
needles (31 mg, 59%): mp >267 0C dec; [CL]24D +1600 (c 0.27, 0.99, 0.88 (each 3H, s). 13C NMR (CDCla): 6 199.6, 199.4, 178.3,
CHCl2 ). UV (EtOH) A.. (log E): 248 (4.15) nm. IR (KBr): 2944, 170.8, 165.0, 160.7, 129.9, 125.2, 52.5, 52.1, 50.0, 48.3, 47.4,
2864, 1719, 1674, 1644 cm-1. 'H NMR (CDCls): 6 9.40 (1H, 46.0, 45.8, 42.3, 42.0, 36.0, 34.6, 33.4, 32.9, 31.7, 30.8, 28.2,
s), 7.76 (1H, d, J = 10.3 Hz), 5.80 (1H, d, J = 10.3 Hz), 5.77 28.1, 27.3, 24.6, 23.3, 22.8, 21.7, 21.4, 18.8. EIMS (70 eV) m/z:
(1H, s), 2.84 (1H, dd, J = 4.3, 13.6 Hz), 2.64 (1H, s), 2.10 (1H, 538 [M]+ (20), 523 (40), 506 (100), 315 (47). HREIMS Calcd
ddd, J = 3.9, 14.3, 14.3 Hz), 1.38 (6H, s), 1.15, 1.10 (each 3H, for C33H4606: 538.3294. Found: 538.3289. Anal. (Table 1).
s), 0.96 (6H, s), 0.93 (3H, s). 12C NMR (CDCI3): 6 205.4, 204.7, 2-Methoxycarbonyl-3,12-dioxooleana-1,9(11)-dien-28-
199.0, 169.1, 161.7, 128.0, 124.8, 55.7, 53.0, 49.1, 45.4, 44.9, oic Acid (28). A solution of 30 (33 ing, 0.064 mmol) in MeOH
44.3, 43.9, 40.1, 39.1, 33.2, 32.9, 32.4, 30.9, 27.9, 27.30, 27.26, (3.1 mL) containing concentrated H2304 (0.09 mL) was heated
23.5, 23.3, 21.7, 21.6, 20.1, 19.6, 18.3. EIMS (70 eV) m/z: 450 under reflux for 25 mrin. After water was added to the mixture,
[M]+ (100), 446 (64), 367 (45), 362 (31), 246 (36). HREIMS it was extracted with EtOAc (three times). The extract was
Calcd for C3o-I4202: 450.3134. Found: 450.3129. Anal. (Table worked up according to the standard method to give a solid
1). (31 rag). The solid was a mixture of 28 and 3-hydroxy-1-meth-

Methyl 2-Cyano-3,12-dioxooleana-1,9(11)-dien-28-oate oxy-2-methoxycarbonyl-12-oxooleana-2,9(11)-dien-28-oic acid
(25). A mixture of 64 (1.51 g, 2.97 mrtol) and DDQ (98%) (0.77 (72). The solid was subjected to prep-TLC [hexanes-EtOAc
g, 3.32 mrtol) in dry benzene (80 mL) was heated under reflux (1:1)] to give only 28 as a crystalline solid (27 mg, 82%). An
for 30 min. After insoluble matter was removed by filtration, analytically pure sample was obtained by recrystallization
the filtrate was evaporated in vacuo to give a solid. The solid from a mixture of hexanes and EtOAc (2:1) as colorless
was subjected to flash column chromatography [benzene- needles: mp >265 0C dec; [a]2SD +340 (C 0.42, CHC13). UV
acetone (10:1)] to give 25 as an amorphous solid (1.38 g, (EtOH) A.. (log e): 240 (4.09) nm. IR (KBr): 3118,2977,2940,
92%): [c] 21D +330 (c 0.68, CHCls). UV (EtOH) A.,, (log ): 244 2869, 1718, 1692, 1636 cm- 1. 'H NMR (CDCla): 6 8.06 (1H,
(4.07) nm. IR (KBr): 2950,2872, 2233, 1722, 1690, 1665 cm-1. s), 6.11 (1H, s), 3.81 (3H, s), 3.09-2.98 (2H, m), 1.38, 1.34,
1H NMR (CDCl2 ): 6 8.04 (1H, s), 5.96 (1H, s), 3.68 (3H, s), 1.20, 1.19, 1.04, 1.02, 0.91 (each 3H, s). 13C NMR (CDCls): 6
3.02 (1H, ddd, J = 3.4, 4.9, 13.4 Hz), 2.92 (1H, d, J = 4.9 Hz), 199.7, 199.2, 183.5, 170.9, 165.1, 160.7, 130.0, 125.3, 52.6,50.0,
1.47, 1.31, 1.24, 1.15, 0.99, 0.98, 0.88 (each 3H, s). 13C NMR 48.3, 47.2, 46.0, 45.9, 42.3, 42.0, 35.9, 34.6, 33.4, 33.1, 31.7,
(CDCl2 ): 6 199.0, 196.8, 178.3, 168.6, 165.9, 124.2, 114.7, 114.6, 31.6, 30.8, 28.2, 28.1, 27.3, 24.7, 23.2, 22.7, 21.7, 21.4, 18.8.
52.1, 49.8, 47.8, 47.3, 45.9, 45.2, 42.7, 42.2, 35.9, 34.6, 33.4, EIMS (70 eV) m/z: 524 [M]+ (17), 509 (24), 492 (100), 446(38),
32.9, 31.8, 31.6, 30.8, 28.1, 27.1, 26.8, 24.7, 23.2, 22.7, 21.8, 302 (31). HREIMS Calcd for C0321406: 524.3138. Found:
21.7, 18.4. EIMS (70 eV) m/z: 505 [MK+ (100), 490 (81), 430 524.3142. Anal. (Table 1). 72:31 'H NMR (CDC1): 6 13.06 (1H,
(42), 315 (47), 269 (40). HREIMS Calcd for C02H404N: s), 5.93 (1H, s), 4.46 (1H, s), 3.82 (3H, s), 3.21 (3H, s), 3.03
505.3192. Found: 505.3187. Anal. (Table 1). (2H, m), 2.12 (1H, dd, J = 3.8, 10.4 Hz), 1.26, 1.22, 1.13, 1.07,

2-Cyano-3,12-dioxooleana-1,9(11)-dien-28.oic Acid (26). 1.05, 1.02, 0.92 (each 3H, s). 13C NMR (CDC1): 6 200.2, 184.1,
A mixture of 25 (612 mng, 1.21 mimol) and LiI (3.0 g) in dry 182.1, 174.8, 174.0, 124.4, 96.9, 57.3, 51.9,50.1, 47.4, 46.0,45.7,
DMF (10 mL) was heated under reflux for 4 h. To the mixture 44.7, 42.8, 41.5, 39.5, 36.1, 34.7, 33.4, 33.2, 31.7, 31.2, 30.9,
were added water and 5% aqueous HC1 solution. The mixture 28.5, 24.3, 23.8, 23.3, 23.2, 22.8, 21.2, 20.9, 18.5. EIMS (70
was extracted with EtOAc (three times). The extract was eV) m/z: 556 [M]+ (3.0), 538 (54), 524 (61), 509 (35), 492 (96),
washed with water (three times) and saturated aqueous NaC1 446 (86), 315 (100). HREIMS Calcd for C33H4807: 556.3400.
solution (three times), dried over MgSO4, and filtered. The Found: 556.3410.
filtrate was evaporated in vacuo to give an amorphous solid. Methyl 2-Carboxy.3,12-dioxooleana-1,9(11)-dien-28-
The solid was subjected to flash column chromatography oate (29). A mixture of 27 (273 mg, 0.51 mmol) and KOH (1.6
[hexanes-EtOAc (1:1) followed by CH 2CI2-MeOH (15:1)] to g) in water (5.3 mL) and MeOH (16 mL) was heated under
give crude 26 (530 ing). The crude product was purified by reflux for 15 miin. After the mixture was acidified with 10%
recrystallization from benzene to give crystals. To remove aqueous HC1 solution, it was extracted with EtOAc (three
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times). The extract was washed with water (three times) and 18.7. EIMS (70 eV) m/z: 491 [M]+ (5.3), 461 (55), 445 (100),
saturated aqueous NaC1 solution (three times), dried over 351 (38), 310 (29), 257 (50). HREIMS Calcd for C32H410 4N:
MgSO4, and filtered. The filtrate was evaporated in vacuo to 491.3036. Found: 491.3040. Anal. (Table 1).
give a solid (264 mg). The solid was recrystallized from MeOH Methyl 2-Cyano-3,11-dioxoursa-1,12-dien-28-oate (33).
to afford 29 as colorless needles (174 mg). The solid (75 mg) 33 was prepared from 70 according to the same method as for
which was obtained from the mother liquid was subjected to 25 to give a crystalline solid (90%): mp >275 °C dec; [a]25

D
flash column chromatography [hexanes-EtOAc (1:1)] to give +91° (c 0.36, CHC13). UV (EtOH) Am, ,. (log E): 250 (4.22) nim.
9 (19 mg, 8%) and 29 as colorless needles (33 mg, total 78%): IR (KBr): 2984,2937,2866, 2232, 1725, 1687, 1658, 1614 cm-1.
mp 155-156 'C dec; [z] 23

D +50° (c 0.30, CHCls). UV (EtOH) 1H NMR (500 MHz, by a Varian Unityplus, CDCls): 6 8.55
Am. (log E): 254 (4.14) nm. IR (KBr): 2950, 2872, 1756, 1722, (1H, s), 5.74 (1H, s), 3.63 (3H, s), 2.68 (1H, s), 2.49 (1H, d, J =
1664 cm-1. 1H NMR (CDCl1): 6 8.77 (1H, s), 6.17 (1H, s), 3.70 11.5 Hz), 2.12 (1H, m), 1.44, 1.34, 1.21, 1.15 (each 3H, s), 0.99
(3H, s), 3.04 (1H, ddd, J = 3.6, 4.5, 13.2 Hz), 2.92 (1H, d, J = (3H, d, J = 6.4 Hz), 0.97 (3H, s), 0.89 (3H, d, J = 6.4 Hz). 13C
4.5 Hz), 1.48, 1.34, 1.29, 1.22 (each 3H, s), 1.00 (6H, s), 0.90 NMR (125.705 MIz, by a Varian Unityplus, CDC1O): 6 197.9,
(3H, s). 13C NMR (CDCls): 6 207.6, 199.1, 178.4, 169.1, 168.5, 197.8, 177.2, 172.9, 165.6, 130.1, 115.1, 113.5, 54.2, 53.1, 52.1,
164.3, 124.5, 123.8, 52.1, 49.9, 47.7, 47.4, 45.9, 45.7, 42.5, 42.2, 52.0, 47.8, 45.2, 45.1, 44.4, 39.9, 38.8, 36.0, 32.1, 30.4, 28.6,
35.9, 34.6, 33.4, 32.9, 31.8, 31.7, 30.8, 28.2, 27.5, 27.1, 24.8, 27.8, 24.0, 21.7, 21.2, 21.1, 19.6, 19.4, 18.2, 17.3. EIMS (70
23.2, 22.8, 22.0, 21.8, 18.5. EIMS (70 eV) m/z: 524 [M]+ (12), eV) m/z: 505 [M]+ (62), 490 (15), 446 (19), 445 (19), 430 (23),
509 (31), 506 (74), 480 (52), 465 (83), 405 (56), 315 (66), 175 411 (47), 256 (37), 217 (37), 189 (69), 119 (100). HREIMS Calcd
(100). HREIMS Calcd for CsH14406: 524.3138. Found: 524.3138. for C32H430 4N: 505.3192. Found: 505.3200. Anal. (Table 1).
Anal. (Table 1). 2-Cyano-3,11-dioxoursa-1,12-dien-28-oic Acid (34).35 A

2-Carboxy-3,12-dioxooleana-1,9(11)-dien-28-oic Acid mixture of 33 (155 mg, 0.31 mmol) and LiI (750 mg) in dry
(30).35 A mixture of 29 (120 mg, 0.23 mmol) and LiI (545 mg) DMF (2.4 mL) was heated under reflux for 1.5 h. The reaction
in dry DMF (1.6 mL) was heated under reflux for 30 min. The mixture was poured into water to give a solid. The solid was
reaction mixture was worked up according to the same method filtered and washed with water (several times). The crude solid
as for 26 to give a solid (125 mg). The solid was recrystallized (140 mg) was crystallized from a mixture of hexanes and
from a mixture of hexanes and EtOAc (1:2) to afford 30 ascolorless needles (36 mg). The solid which was obtained from EtOAc (2:1) to give 34 as crystals (90 mg, 60%). An analytically
thlorless mot dles(36mg).Ther lqdas d to h f ash col ined c romag pure sample was obtained by crystallization from a mixturethe mother liquid was subjected to flash column chromatog- of CH2C12 and MeOH as crystals: mp >285 °C dec; [()]21D
raphy [hexanes-EtOAc (1:2)] to give 10 (26 mg, 24%) and 30 of 0H2 5, dMeOH as crystl mp ( 285 (C dc[ .
as colorless needles (19 mg, total 47%): mp >260 °C dec; [c] 24D +119° (c 0.25, DMSO). UV2(DMS)25 , 0, (log2): 264(4.16) m.
+52° (c 0.28, CHC13). UV (EtOH) Am. (log E): 256 (4.17) n. JR (KBr): 3117, 3050, 2983, 2951, 2930, 2873, 2231, 1719,
JR (KBr): 3269, 2956, 2928, 1750, 1728, 1658, 1631, 1595 cm-1. 1685, 1624 cm-. 1H NMR [DMSO-d6, internal standard: 6
'H NMR (CDCla): 6 8.77 (1H, s), 6.18 (1H, s), 3.04 (1H, ddd, 2.50 (CD ,J1SOCD.)]: 6 8.49 (1H, s), 5.54 (1H, J ), 2.95 (1H, a),
J = 3.5, 4.9, 13.6 Hz), 2.98 (1H, d, J = 4.9 Hz), 1.48, 1.36: 2.33 (1H, d, J = 11.2 Hz), 2.11 (1H, dd, J = 3.9, 13.2, 13.2
1.30, 1.23 (each 3H, s), 1.02 (6H, s), 0.91 (3H, s). EIMS (70 Hz), 1.35, 1.30, 1.13, 1.06 (each 3H, a), 0.942 (3H, d, J = 4.2
eV) m/z: 510 [MN+ (12), 492 (100), 466 (71), 451 (75), 405 (48), Hz), 0.935 (3H, s), 0.84 (3H, d, J = 6.4 Hz). EIMS (70 eV) m/z:
301 (37). HREIMS Calcd for CsaH4206 : 510.2981. Found: 465 [M - CN]+ (36), 446 [M - C02H]+ (100), 420 (4.0), 405
510.2979. Anal. (Table 1). (11), 315 (17), 244 (19). HREIMS Calcd for CalH 410 4N - CN:

465.3005. Found: 465.3010. Calcd for C31H410 4N - CO 2H:
Methyl 2-Cyano-3,11-dioxooleana-1,12-dien-28-oate (31). 446.3059. Found: 446.3060. Anal. (Table 1).

31 was prepared from 67 according to the same method as for
25 to give an amorphous solid (80%): [a]i% +970 (c 0.49 Methyl 2-Aminocarbonyl-3,12-dioxooleana-1,9(11)-dien-
CHCls). UV (EtOH) A. (log E): 250 (4.24) ram. 1R (KBr): 2944, 28-oate (36). A solution of 27 (41.5 mg, 0.78 mmol) in
2867, 2233, 1726, 1686, 1656, 1617 cm-1. 1H NMR (CDCl3): 6 saturated ammonia MeOH (4 mL) was kept at room temper-
8.59 (1H, A), 5.77 (1H, s), 3.65 (3H, s), 3.06 (1H, dd, J = 4.0, ature overnight. The mixture was evaporated in vacuo to give
13.7 Hz), 2.69 (1H, s), 2.08 (1H, ddd, J = 4.1, 13.6, 13.6 Hz), a residue (41 mg). The residue was subjected to flash column
1.41, 1.38, 1.21, 1.15, 0.97, 0.96, 0.95 (each 3H, s). 13C NMR chromatography [hexanes-EtOAc (1:1.5)] to give 27 (18.5 mg)
(CDC1): 6 198.4, 197.8, 177.5, 173.0, 171.5, 127.3, 115.1, 113.5, and 36 as an amorphous solid (19.6 mg; 49%, 88% based on
54.5, 52.2, 52.0, 46.3, 45.5, 45.3, 44.4, 44.1, 42.1, 40.0, 33.8, recovered 27): [a]2D +420 (c 0.36, CHCl3). UV (EtOH) Am.
33.0, 31.9, 31.6, 30.9, 28.0, 27.8, 23.8, 23.6, 23.0, 21.7, 19.6, (log E): 242 (4.23) nm. IR (KBr): 3433, 3334, 2949, 2871, 1725,
19.4, 18.2. EIMS (70 eV) m/z: 505 [M]+ (100), 445 (22), 417 1692, 1666 cm-1. 1H NMR (CDC13 ): 6 8.64 (1H, s), 8.35 (1H,
(27), 370 (20). HREIMS Calcd for C32H43 0 4N: 505.3192. d, J = 3.3 Hz), 6.22 (1H, s), 5.73 (1H, d, J = 3.3 Hz), 3.69 (3H,
Found: 505.3200. Anal. (Table 1). s), 3.05 (1H, ddd, J = 3.7, 4.5, 13.2 Hz), 2.92 (1H, d, J = 4.5

2-Cyano-3,11-dioxooleana-1,12-dien-28-oic Acid (32)35 Hz), 1.41, 1.32 (each 3H, s), 1.20, 1.01 (each 6H, s), 0.90 (3H,
and 2-Cyano-3,11-dioxooleana-1,13(18)-dien-28-oic Acid s). 13C NMR (CDCls): 6 204.4, 199.2, 178.5, 169.9, 165.3, 164.8,
(35). 32 and 35 were prepared from 31 by the similar method 127.8, 125.1, 52.1, 50.0, 47.8, 47.4, 46.2, 45.8, 42.2, 42.0, 35.9,
as for 26. The reaction mixture was subjected to prep-TLC 34.7, 33.4, 33.0, 31.73, 31.70, 30.8, 28.4, 28.2, 27.7, 24.7, 23.3,
[hexanes-EtOAc-MeOH (50:100:1.5)] to give 32 as a crystal- 22.9, 21.9, 21.8, 18.8. EIMS (70 eV) m/z: 523 [M]+ (2.2), 508
line solid (37%) and 35 as an amorphous solid (16%). 32: mp (9.1), 506 (21), 446 (9.6), 315 (6.9), 84 (100). HREIMS Calcd
>270 0C dec; [a]"D +101° (c 0.28, CHC13). UV (EtOH) Am, ,-, (log for C32H 4505N: 523.3298. Found: 523.3292. Anal. (Table 1).
0): 250 (4.23) rim. IR (KBr): 3228, 2944, 2867, 2233, 1732, Methyl 2-Formyl-3,12-dioxooleana-1,9(11)-dien-28-oate
1689, 1656 cm-'. 'H NMR (CDCls): 6 8.58 (1H, s), 5.78 (1H, (37). 37 was prepared from 62 according to the same method
s), 3.04 (1H, dd, J = 3.7, 13.9 Hz), 2.69 (1H, s), 2.11 (1H, ddd, as for 27 to give an amorphous solid (62%, 74% based on
J 3.9, 13.7, 13.7 Hz), 1.42, 1.40, 1.22, 1.14, 1.00, 0.973, 0.968 recovered 62): [a]24D -3.7* (c 0.39, CHCO3). UV (EtOH) A0, ,,
(each 3H, s). EIMS (70 eV) m/z: 491 [MW- (34), 445 (31), 397 (log c): 254(4.05) nm. IR (KBr): 2944, 2867, 1722, 1704, 1668,
(26), 257 (36), 189 (59), 95 (100). HREIMS Calcd for 1611 cm-. 1H NMR (CDCls): 6 10.02 (1H, s), 8.11 (1H, s), 6.14
C31H410 4N: 491.3036. Found: 491.3034. Anal. (Table 1). 35: (1H, s), 3.70 (3H, s), 3.05 (1H, ddd, J = 3.7, 4.5, 13.2 Hz), 2.93
[Ol2yD -1.70 (c 0.47, CHCIs). UV (EtOH) Am. (log E): 210 (3.94), (1H, d, J = 4.5 Hz), 1.44, 1.33, 1.23, 1.19 (each 3H, s), 1.00
240 (4.02), 304 (2.89) nm. IR (KBr): 3178, 2948, 2867, 2234, (6H, s), 0.89 (3H, s). 12C NMR (CDCls): 6 202.2, 199.3, 189.8,
1726, 1694, 1611 cm-1 . 'H NMR (CDCls): 6 8.25 (1H, s), 3.60 178.4, 169.9, 161.4, 131.5, 124.7, 52.1, 49.9, 48.2, 47.4, 46.0,
(1H, d, J = 19.2 Hz), 2.91 (1H, d, J = 19.2 Hz), 2.68 (1H, s), 45.4, 42.3, 42.1, 36.0, 34.7, 33.4, 33.0, 31.9, 31.7, 30.8, 28.2,
1.47, 1.30, 1.22, 1.15, 0.97, 0.94, 0.77 (each 3H, s). 13C NMR 27.5, 27.2, 24.7, 23.3, 22.8, 21.8, 21.6, 18.7. EIMS (70 eV) m/z:
(CDCls): 6208.2, 197.7, 182.0, 171.8, 133.0, 130.5, 115.1, 113.9, 508 [M]+ (37), 493 (35), 446 (44), 315 (28), 84 (100). HREIMS
56.9, 52.0, 48.1, 45.2, 44.2, 44.0, 43.5, 41.1, 40.0, 36.7, 35.7, Calcd for C32H44O,: 508.3189. Found: 508.3183. Anal. (Table
33.1, 32.8, 32.4, 32.2, 27.6, 26.5, 24.2, 21.8, 20.1, 19.6, 19.3, 1).
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Methyl 3#-Hydroxy-11-oxours-12-en-28-oate (47). A so- (4.03) nm. IR (KBr): 3549, 3382, 2941, 2865, 1717, 1706, 1654,
lution of methyl 3fi-acetoxy-11-oxours-12-en-28-oate (46)10 (150 1644, 1595 cm-1 . 1H NMR (CDCI3): 6 5.75 (1H, s), 3.68 (3H,
mg, 0.29 mmol) and KOH (1.0 g) in MeOH (10 mL) was heated s), 3.21 (1H, dd, J = 4.8, 11.4 Hz), 3.02 (1H, ddd, J = 3.5, 4.6,
under reflux for 30 min. After removal of MeOH in vacuo, the 13.4 Hz), 2.84 (1H, d, J = 4.6 Hz), 1.23, 1.18, 1.03 (each 3H,
resultant mixture was acidified with 6 M aqueous HC1 s), 0.99 (6H, s), 0.89, 0.83 (each 3H, s). 13C NMR (CDCl3): 6
solution. The aqueous layer was extracted with a mixture of 200.8, 178.6, 178.5, 122.9, 78.2, 52.0, 50.4, 49.6, 47.5, 45.5, 41.9,
CH 2Cl 2 and Et20 (1:2) (three times). The extract was worked 40.2, 39.4, 36.6, 36.0, 34.7, 33.5, 33.1, 33.0, 31.7, 30.8, 28.3,
up according to the standard method to give 47 as an 27.7, 24.0, 23.9, 23.3, 22.9, 22.0, 18.2, 15.8. EIMS (70 eV) m/z:
amorphous solid (138 mg, quantitative): UV (EtOH) Ama (log 484 [M]+ (4.7), 469 (33), 409 (61), 407 (85), 315 (16), 278 (36),
0): 250 (4.17) nm. IR (KBr): 3494, 2928, 2869, 1728, 1660 218 (100). HREIMS Calcd for C31114804: 484.3553. Found:
cm-1. 'H NMR (CDC13): 6 5.59 (1H, s), 3.60 (3H, s), 3.21 (1H, 484.3553.
dd, J = 5.9, 10.6 Hz), 2.78 (1H, ddd, J = 3.5, 3.5, 13.6 Hz), Methyl 3,12-Dioxoolean-9(l1)-en-28-oate (54). 54 was
2.41 (1H, d, J = 11.4 Hz), 2.29 (1H, s), 2.07 (1H, m), 1.29, 1.11, prepared from 53 according to the same method as for 48 to
0.99 (each 3H, s), 0.96 (3H, d, J = 6.2 Hz), 0.90 (3H, s), 0.86 give an amorphous solid (92%). An analytically pure sample
(3H, d, J = 6.2 Hz), 0.79 (3H, s). 13C NMR (CDCla): 6 200.1, was obtained by flash column chromatography [hexanes-
177.4, 163.0, 130.9, 78.9, 61.7, 55.2, 52.9, 52.0, 47.9, 44.8, 43.9, EtOAc (3:1)1: UV (EtOH) Am (log E): 250 (3.74) nm. IR
39.34, 39.28, 38.82, 38.77, 37.3, 36.2, 33.2, 30.5,28.6,28.3,27.5, (KBr): 2944, 2867, 1722, 1708, 1661, 1594 cm-1. 1H NMR
24.1, 21.3, 21.2, 19.0, 17.6, 17.3, 16.4, 15.8. EIMS (70 eV) m/z: (CDCla): 6 5.80 (1H, s), 3.70 (3H, s), 3.04 (1H, ddd, J = 3.3,
484 [M]+ (40), 317 (100), 276 (48), 257 (34). HREIMS Calcd 4.9, 13.2 Hz), 2.89 (1H, d, J = 4.9 Hz), 2.66 (1H, ddd, J = 7.2,
for C31H48 0 4: 484.3553. Found: 484.3552. This material was 10.9, 15.7 Hz), 2.49 (1H, ddd, J = 3.8, 7.1, 15.7 Hz), 2.22 (1H,
used for the next reaction without further purification. ddd, J = 3.9, 7.1, 13.4 Hz), 1.31, 1.28, 1.13, 1.09, 1.010, 1.005,

Methyl 3,11-Dioxours-12-en-28-oate (48). To a solution 0.90 (each 3H, s). 13C NMR (CDCls): 6 216.1, 200.3, 178.5,
of 47 (144 mg, 0.30 mmol) in acetone (14 mL) in an ice bath 176.8, 124.2, 52.0, 51.1, 49.7, 47.7, 47.5, 45.6, 42.0, 39.6, 37.2,
was added Jones reagent dropwise until the color of the 36.0, 34.7, 34.3, 33.5, 33.0, 32.2, 31.7, 30.8, 28.3, 26.4, 24.0,
solution changed to pale brown from green. The mixture was 23.8, 23.3, 22.9, 21.8, 21.6, 19.3. EIMS (70 eV) m/z: 482 [M]+
stirred at room temperature for 10 min. After removal of (16), 467 (56), 423 (13), 407 (23), 315 (100), 255 (62), 246 (63).
acetone, water was added to the resultant mixture. The HREIMS Calcd for CsiH460 4: 482.3396. Found: 482.3392.
aqueous mixture was extracted with a mixture of CH 2C12 and 3/i-Hydroxyolean-9(ll)-en-28-oic Acid (57).35 A mixture
Et 20 (1:2) (three times). The extract was worked up according of 52 (2.27 g, 4.31 mmol), KOH (22 g), and anhydrous
to the standard method to give 48 as an amorphous solid (128 hydrazine (98%) (25 mL) in diethylene glycol (200 mL) was
mg, 89%): UV (EtOH) Am.x (log e): 252 (4.11) run. IR (KBr): heated under reflux (inside temperature, 165 0C) for 1.5 h.
2949, 2869, 1726, 1709, 1654 cm- 1. 'H NMR (CDCls): 6 5.65 Excess hydrazine was distilled off from the mixture until the
(1H, s), 3.63 (3H, s), 2.96 (1H, ddd, J = 4.2, 7.1, 13.4 Hz), 2.65 inside temperature rose to 215 0C. Then, the mixture was
(1H, ddd, J = 7.1, 11.2, 15.9 Hz), 2.45 (1H, d, J = 11.5 Hz), heated under reflux (inside temperature, 215-220 °C) for 6
2.40 (1H, s), 2.37 (1H, ddd, J = 4.2, 6.5, 15.9 Hz), 2.10 (1H, h. The mixture was poured into water (500 mL). Aqueous HC1
ddd, J = 4.6, 14.7, 14.7 Hz), 1.31, 1.26, 1.10, 1.06 (each 3H, s), solution (6 M) was added to give a precipitate. The precipitate
0.98 (3H, d, J = 6.3 Hz), 0.95 (3H, s), 0.88 (3H, d, J = 6.3 Hz). (dry weight, 1.76 g) was filtered and washed with water
IsC NMR (CDCla): 6 217.5, 199.3, 177.4, 163.6, 130.7, 60.9, (several times). The filtrate was extracted with a mixture of
55.6, 52.9, 52.1, 47.9, 47.8, 44.7, 44.0, 39.9, 38.8, 36.9, 36.1, CH2012 and Et 20 (1:2) (three times). The extract was worked
34.4, 32.6, 30.5, 28.6, 26.6, 24.1, 21.6, 21.2, 21.1, 18.9, 17.3, up according to the standard method to give a solid (0.36 g).
15.7. EIMS (70 eV) m/z: 482 [M]+ (25), 467 (20), 423 (10), 317 The combined solids were crystallized from a mixture of CH 2-(100), 276 (47), 257 (74). HREIMS Calcd for Cs1H4-O4: 482.3396. C12 and MeOH (1:1) to afford 57 as colorless crystals (first crop,
Found: 482.3400. This material was used for the next reaction 670 mg; second crop, 180 mg). The solid obtained from the
without further purification. mother liquid was subjected to flash column chromatography

Methyl 3fi-Hydroxy-12-oxooleanan-28.oate (50). 50 was [hexanes-EtOAc (2:1)] to give 57 as crystalline solid (200 mag,
prepared from methyl 3fl-acetoxy-12-oxooleanan-28-oate (49)12 total weight: 1050 mg; 53%): mp >275 °C dec. IR (KBr): 3467,
according to the same method as for 47 to give a crystalline 3305, 2947, 2875, 1692 cm- 1. 1H NMR [acetone-ds, internal
solid (quantitative): mnp 133-135 0C. IR (KBr): 3540, 2945, standard: 6 2.05 (CD2-COCDs)]: 6 5.35 (1H, t, J = 3.7 Hz),
2866, 1725, 1698 cm-1. 1H NMR (CDCls): 6 3.67 (3H, s), 3.18 3.11 (1H, dd, J = 6.8, 9.0 Hz), 1.14, 1.11, 0.98, 0.94, 0.93, 0.89,
(1H, dd, J = 5.0, 10.9 Hz), 2.77 (1H, ddd, J = 3.4, 4.2, 13.4 0.78 (each 3H, s). EIMS (70 eV) m/z: 456 [M]+ (32), 446 (26),
Hz), 2.60 (1H, d, J = 4.2 Hz), 2.14 (2H, m), 1.84 (2H, m), 0.98, 441 (15), 302 (16), 248 (100). HREIMS Calcd for C3oH4803:
0.96, 0.95, 0.93, 0.89, 0.84, 0.77 (each 3H, s). '3C NMR 456.3603. Found: 456.3603.
(CDCl3): 6 212.0, 178.6, 78.8, 55.3, 52.0, 49.9, 47.5, 42.1, 41.4, 3-Oxoolean-9(11)-en-28-oic Acid (58). 58 was prepared
39.0, 38.7, 38.1, 37.1, 36.4, 34.6, 33.6, 33.1, 32.1, 32.0, 30.8, from 57 according to the same method as for 48 to give an
28.1, 27.7, 27.2, 23.3, 22.9, 20.7, 18.5, 16.3, 15.5, 15.4. EIMS amorphous solid (95%): IR (KBr): 2947, 2870, 1708, 1694
(70 eV) m/z: 486 [M]+ (37), 471 (100), 411 (65), 278 (68), 218 cm-1. 1H NMR (CDCls): 6 5.38 (1H, t, J = 3.4 Hz), 2.63 (1H,
(65). HREIMS Calcd for C0lHs004: 486.3709. Found: 486.3701. ddd, J = 7.1, 11.5, 15.9 Hz), 2.42 (1H, ddd, J = 3.7, 6.8, 15.9

Methyl 3,12-Dioxooleanan-28-oate (51). 51 was prepared Hz), 1.25, 1.13, 1.09, 0.97, 0.94 (each 3H, s), 0.90 (6H, s). 13C
from 50 according to the same method as for 48 to give an NMR (CDCls): 6 217.9, 185.2, 152.5, 118.7, 52.8, 48.1, 47.7,
amorphous solid (98%): IR (KBr): 2948, 2866, 1723, 1702 43.8, 38.7, 38.6, 38.4, 36.2, 35.7, 34.9, 34.4, 33.7, 33.6, 33.2,
cm-1. 1H NMR (CDCls): 6 3.69 (3H, s), 2.80 (1H, ddd, J = 3.7, 31.8, 30.8, 28.6, 27.3, 26.3, 25.5, 24.9, 23.6, 23.5, 21.5, 19.6,
4.4, 13.7 Hz), 2.64 (1H, d, J = 4.4 Hz), 2.53 (1H, ddd, J = 7.2, 18.7. EIMS (70 eV) m/z: 454 [MI+ (32), 439 (13), 408 (26), 248
10.9, 15.9 Hz), 2.40 (1H, ddd, J = 3.8, 7.0, 15.9 Hz), 2.23 (2H, (65), 235 (100). HREIMS Calcd for C30H4603: 454.3447.
in), 1.09, 1.05, 1.01, 0.983, 0.976, 0.95, 0.90 (each 3H, s). 13C Found: 454.3439.
NMR (CDCla): 6217.1,211.4, 178.6, 55.1, 52.0,49.4,47.6, 47.5, Methyl 3-Oxooleana-1,11,13(18)-trien-28-oate (60). 60
42.2, 41.4, 38.8, 36.8, 36.4, 34.6, 34.1, 33.6, 33.1, 32.2, 31.3, was prepared from methyl 3-oxooleana-11,13(18)-dien-28-oate
30.8, 27.8, 26.4, 23.3, 22.9, 21.4, 20.7, 19.7, 16.1, 15.0. ElMS (59)17 according to the same method as for 9. The crude solid
(70 eV) m/z: 484 [M]+ (4.2), 469 (39), 409 (100), 357 (6.7), 278 was subjected to flash column chromatography [hexanes-
(25), 218 (72). HREIMS Calcd for C31H4804: 484.3553. EtOAc (6:1)] to give 60 as a crystalline solid (66%): mp 131-
Found: 484.3544. 133 °C. UV (EtOH) A.. (log c): 246 (4.54), 252 (4.54) nm. IR

Methyl 3fl-Hydroxy-12-oxoolean-9(11)-en-28-oate (53). (KBr): 3029, 2944, 2859, 1726, 1674 cm-1. 1H NMR (CDC13):
53 was prepared from methyl 3fl-acetoxy-12-oxoolean-9(11)- 6 7.27 (1H, d, J = 10.3 Hz), 6.57 (1H, dd, J = 2.9, 10.5 Hz),
en-28-oate (52)14 according to the same method as for 47 to 5.89 (1H, d, J = 10.3 Hz), 5.79 (1H, dd, J = 1.7, 10.5 Hz), 3.68
give an amorphous solid (97%): UV (EtOH) Am. (log 0): 250 (3H, A), 2.54 (1H, d, J = 14.4 Hz), 2.28 (2H, m), 1.91 (111, m),
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1.18, 1.17, 1.10, 0.98, 0.95, 0.86, 0.81 (each 3H, s). 13C NMR method as for 62 to give a crystalline solid (98%): mp 232-
(CDCla): 6205.5, 177.1, 159.1, 136.2, 133.2, 126.7, 125.7, 125.0, 234 °C. UV (EtOH) Ama,, (log e): 254 (4.15), 296 (3.91) nm. IR
53.4, 52.0, 48.6, 48.4, 45.0, 42.4, 41.7, 40.8, 39.3, 37.0, 35.6, (KEBr): 3456, 2944, 2867, 1728, 1656, 1589 cm-1. 1H NMR
32.8, 32.4, 32.0, 27.7, 25.2, 24.3, 21.32, 21.27, 20.0, 19.2, 16.7. (CDCla): 6 14.87 (1H, d, J = 2.7 Hz), 8.62 (1H, d, J = 2.7 Hz),
EIMS (70 eV) m/z: 464 [M]+ (84), 449 (13), 405 (100), 327 (14), 5.69 (1H, s), 3.64 (3H, s), 3.49 (1H, d, J = 14.8 Hz), 3.03 (1H,
267 (19), 239 (29). HREIMS Calcd for C31H4O 3: 464.3290. dd, J = 3.6, 13.9 Hz), 2.40 (1H, s), 2.05 (1H, ddd, J = 4.1, 13.7,
Found: 464.3293. 13.7 Hz), 1.93 (1H, d, J= 14.8 Hz), 1.36, 1.18, 1.12, 1.08, 0.95,

Methyl 2-Hydroxymethylene-3,12-dioxoolean.9(11)-en- 0.94, 0.93 (each 3H, s). 13C NNR (CDC13): 6 199.9, 189.6, 189.2,
28-oate (62). To a solution of 54 (4.00 g, 8.29 mmol) in dry 177.6, 169.6, 128.0, 106.0, 59.8, 52.4, 52.1, 46.4, 44.8,44.5,43.8,
benzene (90 mL) was added ethyl formate (97%) (3.0 mL) and 41.8, 40.2, 39.9, 36.5, 33.8, 33.0, 32.0, 31.7, 30.9, 28.6, 28.0,
NaOMe (2.68 g, 50 mmol). The mixture was stirred at room 23.64, 23.59, 23.1, 21.1, 18.8, 18.7, 14.8. EIMS (70 eV) m/z:
temperature for 2 h. Then the mixture was diluted with a 510 [M]+ (14), 495 (21), 451 (22), 446 (42), 435 (22), 317 (31),
mixture of CH 2CI2 and Et2O (1:2) and washed with 5% aqueous 257 (100). HREIMS Calcd for C32H45 0 5: 510.3345. Found:
HC1 solution (three times). The washings were reextracted 510.3348.
with a mixture of CH 2Cl 2 and Et2O (1:2) and the combined Methyl 11-Oxoisoxazolo[4,5-b]olean-12-en-28-oate (66).
organic layers were worked up according to the standard 66 was prepared from 65 according to the same method as for
method to give 62 as an amorphous solid (4.19 g, 99%): UV 63 to give an amorphous solid (74%): UV (EtOH) A.,. (log c):
(EtOH) A, (log 0): 252 (3.66), 294(3.53) nm. IR (KBr): 3461, 250 (4.10) nm. IR (KBr): 2944, 2867, 1728, 1657, 1624 cm-1.
2950, 2867, 1724, 1661, 1596 cm-1. 1H NMR (CDCls): 6 14.86 1H NMR (CDCla): 6 7.99 (1H, s), 5.71 (111, s), 3.67 (1H, d, J =
(1H, d, J = 2.8 Hz), 8.77 (1H, d, J= 2.8 Hz), 5.90 (1H, s), 3.70 15.5 Hz), 3.64 (3H, s), 3.04 (1H, dd, J = 3.8, 13.6 Hz), 2.51
(3H, s), 3.05 (1H, ddd, J = 3.1, 4.5, 13.6 Hz), 2.92 (1H, d, J = (1H, s), 2.06 (1H, ddd, J = 4.2, 13.9, 13.9 Hz), 2.03 (1H, d, J
4.5 Hz), 2.62 (1H, d, J = 14.4 Hz), 2.30 (1H, d, J = 14.4 Hz), = 15.5 Hz), 1.37, 1.31, 1.22, 1.06, 0.96, 0.94, 0.93 (each 3H, s).
1.28, 1.24, 1.18, 1.17, 1.02, 1.01, 0.91 (each 3H, s). 13C NMR 13C NMR (CDC1): 6 199.8, 177.6, 172.4, 169.6, 150.5, 128.1,
(CDC13): 6 200.3, 190.2, 188.3, 178.5, 175.8, 124.4, 105.1, 52.1, 109.2, 60.3, 53.5, 52.1, 46.4, 45.1, 44.5, 43.8, 41.8, 38.7, 36.2,
49.7, 48.4, 47.5, 45.6, 42.0, 40.6, 39.3, 37.2, 36.0, 34.7, 33.5, 34.9, 33.9, 33.1, 32.1, 31.7, 30.9, 29.1, 28.1, 23.7, 23.6, 23.1,
33.0, 31.7, 31.5, 30.8, 28.5, 28.4, 23.6, 23.3, 23.2, 22.9, 21.8, 21.7, 18.7, 18.2, 15.8. EIMS (70 eV) m/z: 507 [M]+ (31), 492
21.0, 19.1. ElMS (70 eV) m/z: 510 [M]+ (11), 495 (39), 435 (38), (30), 448 (20), 432 (28), 257 (72), 217 (100). HREIMS Calcd
315 (100), 255 (55). HREIMS Calcd for C32H460 5 : 510.3345. for C 2H-450 4N: 507.3349. Found: 507.3345.
Found: 510.3351. This material was used for the next reaction Methyl 2-Cyano-3,11-dioxoolean-12-en-28-oate (67). 67
without further purification, was prepared from 66 by the similar method as for 64. The

Methyl 12-Oxoisoxazolo[4,5-b]olean-9(11).en-28-oate crude solid was subjected to flash column chromatography
(63). To a solution of 62 (4.00 g, 7.83 mmol) in EtOH (110 mL) [hexanes-EtOAc (2:1)] to give 67 as an amorphous solid
and water (11 niL) was added hydroxylamine hydrochloride (92%): UV (EtOH) Am. (log e): 246 (4.18) nm. IR (KBr): 3411,
(5.44 g, 78 mmol). The mixture was heated under reflux for 1 2944, 2867, 2200, 1725, 1656 cm-1. 1H NMR of major tautomer
h. The mixture was concentrated in vacuo and water (50 mL) 67a (CDCls): 6 6.40 (1H, brs), 5.67 (1H, s), 3.62 (3H, s), 3.33
was added. The mixture was extracted with EtOAc (three (1H, d, J = 15.9 Hz), 3.02 (1H, dd, J = 3.7, 13.7 Hz), 2.53 (1H,
times). The combined organic layers were washed with water s), 2.36 (1H, d, J = 15.9 Hz), 1.33, 1.15, 1.11, 1.08 (each 3H,
(three times) and saturated aqueous NaCl solution (three s), 0.92 (6H, s), 0.87 (3H, s). EIMS (70 eV) m/z: 507 [M]+ (3.7),
times), dried over MgSQ4 , and filtered. The filtrate was 492 (5.2), 447 (5.8), 432 (8.4), 276 (7.0), 257 (21), 217 (31), 84
evaporated in vacuo to give a solid. The solid was subjected to (100). HREIMS Calcd for C32H450 4N: 507.3349. Found:
flash column chromatography [hexanes-EtOAc (3:1)] to give 507.3349.
63 as an amorphous solid (2.63 g, 66%): UV (EtOH) Ama, (log Methyl 2-Hydroxymethylene-3,11-dioxours-12-en-28-
e): 238 (3.63) nm. IR (KBr): 2944, 2867, 1724, 1660, 1596 oate (68). 68 was prepared from 48 according to the same
cm-1. 1H NMR (CDC13): 6 8.07 (1H, s), 5.89 (1H, s), 3.70 (3H, method as for 62 to give an amorphous solid (89%): UV (EtOH)
s), 3.05 (111, ddd, J = 3.7, 4.6, 13.4 Hz), 2.93 (1H, d, J = 4.6 A,. (log c): 254 (4.06), 298 (3.84) nm. IR (KBr): 3454, 2978,
Hz), 2.79 (1H, d, J = 15.1 Hz), 2.40 (1H, d, J = 15.1 Hz), 1.35, 2931, 2866, 1728, 1659, 1619, 1590 cm-1. 1H NMR (500 MHz,
1.29, 1.27, 1.16, 1.03, 1.01, 0.90 (each 3H, S). 1

3 C NMR by a Varian Unityplus, CDCla): 6 14.87 (1H, d, J = 3.2 Hz),
(CDC1a): 6 200.2, 178.5, 176.3, 172.3, 150.4, 124.7, 108.7, 52.1, 8.63 (1H, d, J = 3.2 Hz), 5.67 (1H, s), 3.63 (3H, s), 3.46 (1H, d,
49.9, 49.7, 47.5, 45.8, 42.0, 41.5, 36.1, 35.4, 34.7, 33.8, 33.5, J = 14.9 Hz), 2.46 (1H, d, J = 11.2 Hz), 2.40 (1H, s), 2.10 (1H,
33.0, 31.7, 31.5, 30.9, 29.0, 28.4, 24.8, 23.29, 23.25, 22.9, 21.8, m), 1.98 (1H, d, J = 14.9 Hz), 1.31, 1.20, 1.13, 1.12 (each 3H,
21.6, 18.5. EIMS (70 eV) m/z: 507 [M]+ (14), 492 (51), 446 (25), s), 0.98 (1H, d, J = 6.3 Hz), 0.96 (3H, s), 0.88 (3H, d, J = 6.6
432 (49), 315 (100). HREIMS Calcd for C322H450 4N: 507.3349. Hz). 13C NMR (125.705 MHz, by a Varian Unityplus, CDCls):
Found: 507.3354. 6 199.4, 189.7, 189.2, 177.4, 163.7, 130.9, 106.0, 59.5,53.0,52.4,

Methyl 2-Cyano-3,12-dioxoolean-9(11)-en-28-oate (64). 52.1, 47.9, 44.4, 44.0, 40.2, 40.0, 38.9, 38.8, 36.5, 36.1, 32.2,
To a solution of 63 (2.00 g, 3.94 mrnol) in MeOH (60 mL) and 30.5, 28.7, 28.6, 24.1, 21.2, 21.1, 18.9, 18.7, 17.3, 14.9. EIMS
Et20 (125 mL) in an ice bath was added NaOMe (7.25 g, 134 (70 eV) m/z: 510 [M]+ (15), 495 (48), 435 (42), 315 (100), 274
emtol). The mixture was stirred at room temperature for 45 (22), 255 (57). HREIMS Calcd for C32H460 5 : 510.3345.
min and then diluted with a mixture of CH 2C12 and Et2 O (1: Found: 510.3347.
2). It was washed with 5% aqueous HCl solution (three times) Methyl 11-Oxoisoxazolo[4,5-b]urs-12-en-28-oate (69).
and the acidic washings were reextracted with a mixture of 69 was prepared from 68 according to the same method as for
0H 2C12 and Et 20 (1:2). The combined organic layers were 63 to give an amorphous solid (81%): UV (EtOH) A2. (log e):
worked up according to the standard method to give 64 as an 248 (4.09) nm. IR (KEBr): 2973, 2937, 2866, 1727, 1658, 1619
amorphous solid (2.00 g, quantitative): UV (EtOH) Am. (log cm-'. 'H NMR (500 MHz, by a Varian Unityplus, CDC1l): 6
e): 242 (4.16) nm. IR (KBr): 3411, 2944, 2867, 2206, 1722, 7.99 (1H, s), 5.68 (1H, s), 3.64 (1H, d, J = 15.6 Hz), 3.63 (3H,
1661, 1636, 1597 cm- 1. 'H NMR of major tautomer 64a s), 2.50 (1H, s), 2.46 (1H, d, J = 11.5 Hz), 2.11 (1H, m), 2.07
(CDCls): 6 7.08 (1H, brs), 5.75 (1H, s), 3.67 (3H, s), 3.01 (1H, (1H, d, J = 15.6 Hz), 1.33, 1.31, 1.23, 1.09 (each 3H, s), 0.98
ddd, J = 3.7, 4.6, 13.7 Hz), 2.89 (1H, d, J = 4.6 Hz), 2.40 (1H, (3H, d, J = 6.6 Hz), 0.97 (3H, s), 0.89 (3H, d, J = 6.6 Hz). 1

3C
d, J = 15.3 Hz), 2.23 (1H, d, J = 15.3 Hz), 1.24, 1.21, 1.19, NMR (125.705 MHz, by a Varian Unityplus, CDCls): 6 199.2,
1.11 (each 3H, s), 0.98 (6H, s), 0.88 (3H, s). ElMS (70 eV) m/z: 177.3, 172.4, 163.7, 150.5, 130.8, 109.2, 60.0, 53.5, 52.9, 52.1,
507 [M]+ (84), 492 (99), 432 (58), 315 (100). HREIMS Calcd 47.8, 44.7, 44.0, 38.9, 38.8, 38.6, 36.2, 36.1, 34.9, 32.3, 30.5,
for C32H4sO4N: 507.3349. Found: 507.3340. This material was 29.1, 28.7, 24.1, 21.7, 21.2, 21.1, 18.7, 18.2, 17•3, 15.8. EIMS
used for the next reaction without further purification. (70 eV) m/z: 507 [M]+ (9.3), 492 (13), 317 (13), 257 (24), 217

Methyl 2-Hydroxymethylene-3,11-dioxoolean-12-en- (12), 84 (100). HREIMS Calcd for C32H 45 0 4N: 507.3349.
28-oate (65). 65 was prepared from 45 according to the same Found: 507.3351.
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Methyl 2-Cyano.3,11-dioxours-12-en-28-oate (70). 70 Cyanamid), and Dr. Mark G. Saulnier (Bristol-Myers
was prepared from 69 by the similar method as for 64. The Squibb) for the mass spectra and also Prof. David A.
crude solid was subjected to flash column chromatography Evans and Mr. Brett D. Allison (Harvard University)
[hexanes-EtOAc (2:1)] to give 70 as a crystalline solid (94%): for the optical rotation measurements. This investiga-
mp 169-171 *C. UV (EtOH) Am. (log E): 246 (4.17) nm. IR
(KBr): 3401, 2978, 2937,2866,2202, 1725, 1668 cm-1.1H NM tion was supported by funds from NIH Grant 1 R01-
of major tautomer 70a (500 MHz, by a Varian Unityplus, CA78814, the Norris Cotton Cancer Center, U.S.
CDCls): 6 5.86 (111, brs), 5.66 (1H, s), 3.62 (3H, s), 3.33 (1H, Department of Defense Grants DAMD17-96-1-6163,
d, J = 15.7 Hz), 2.45 (1H, d, J = 10.3 Hz), 2.33 (1H, s), 2.10 DAMD17-98-1-8604, and DAMD17-99-1-9168, the
(1H, m), 1.92 (1H, d, J = 15.7 Hz), 1.29, 1.17, 1.15, 1.09 (each Oliver and Jennie Donaldson Charitable Trust, the
311, s), 0.97 (3H, d, J = 6.4 Hz), 0.93 (311, s), 0.87 (3H, d, J =
6.6 Hz). EIMS (70 eV) m/z: 507 [M]+ (25), 492 (31), 467 (45), National Foundation for Cancer Research, and a Zenith
446 (54), 317 (34), 276 (26), 257 (85), 217 (100). HREIMS Calcd Award from the Alzheimer's Association. M.B.S. is
for C32H4IO 4N: 507.3349. Found: 507.3351. Oscar M. Cohn Professor, F.G.F., Jr. is an Oscar M.

Methyl 3-Hydroxy-2-methoxycarbonyl-12-oxooleana- Cohn Scholar, and Y.W. is a Howard Hughes Medical
2,9(11)-dien-28-oate (71). A mixture of 54 (258 mg, 0.53 Institute Predoctoral Fellow.
mmol) and 1.8 M DMF solution of methoxymagnesium methyl
carbonate (Stiles' reagent) (2.5 mL, 4.5 mmol) was heated at
110 °C for 1 h while a slow stream of N2 was bubbled through References
the mixture with a pipet. To the mixture were added 5% (1) (a) Connolly, J. D.; Overton, K. H. The Triterpenoids. In
aqueous HCl solution and EtOAc. The aqueous layer was Chemistry of Terpenes and Terpenoids; Newman, A. A., Ed.;
extracted with EtOAc (three times). The combined organic Academic Press: New York, 1972; pp 207-287. (b) Nakanishi,
layers were washed with water (three times) and saturated K.; Ito, S. Biosynthesis of oleanene and ursene triterpenes in

sNaC1 solution (three times), dried over MgSO4, and tissue culture of Isodon japonicus. In Natural Products Chem-aqueous s iistry; Nakanishi, K., Goto, T., Ito, S., Natori, S., Nozoe, S., Eds.;
filtered. The filtrate was evaporated in vacuo to give a solid Kodansha: Tokyo, 1983; Vol. 3, pp 185-187.
(305 mg). To a solution of the solid in THF (6 mL) was added (2) Devon, T. K.; Scott, A. I. The Terpenes. Handbook of Naturally
excessive amount of ethereal diazomethane. The mixture was Occurring Compounds; Academic Press: New York, 1972; Vol.
kept at room temperature for 10 mrin. The mixture was 2, pp 281-384.
evaporated in vacuo to give a solid (310 mg). The solid was (3) (a) Yu, L.; Ma, R.; Wang, Y.; Nishino, H.; Takayasu, J.; He, W.;
subjected to flash column chromatography [hexanes-EtOAc Chang, M.; Zhen, J.; Liu, W.; Fan, S. Potent anti-tumorigenic

effect of tubeimoside 1 isolated from the bulb of Bolbostemma(4:1)] to give 71 as crystals (225 mg, 78%): mp 210-211 'C. paniculatum (Maxim) Franquet. Int. J. Cancer 1992, 50, 635-
LUV (EtOH) Am. (log c): 252 (4.20) nm. IR (KBr): 2944, 2867, 638. (b) Liu, J. Pharmacology of oleanolic acid and ursolic acid.
1725, 1661, 1618 cm-1. 1H NMR (CDCla): 6 12.49 (1H, s), 5.94 J. Ethnopharmacol. 1995, 49, 57-68 and references therein. (c)
(1H, s), 3.76, 3.69 (each 3H, s), 3.04 (1H, ddd, J = 3.1, 4.9, Sakurawi, K.; Yasuda, F.; Tozyo, T.; Nakamura, M.; Sato, T.;
13.2 Hz), 2.90 (1H, d, J = 4.9 Hz), 2.70 (1H, d, J = 15.3 Hz), Kikuchi, J.; Terui, Y.; Ikenishi, Y.; Iwata, T.; Takahashi, K.;

Konoike, T.; Mihara, S.; Fujimoto, M. Endothelin receptor2.06 (H, d, J = 15.3 Hz), 1.26, 1.20, 1.17, 1.14 (each 3H, s), antagonist triterpenoid, myriceric acid A, isolated from Myrica
1.00 (6H, s), 0.89 (3H, s). 13C NMR (CDC1): 6 200.5, 178.5, cerifera, and structure activity relationships of its derivatives.
176.9, 176.7, 173.9, 124.5, 94.1, 52.0, 51.8,49.7,48.6, 47.5, 45.6, Chem. Pharm. Bull. 1996, 44, 343-351. (d) Kashiwada, Y.;
42.0, 39.3, 38.6, 36.3, 36.1, 34.7, 33.5, 33.1, 31.7, 31.5, 30.8, Wang, H.-K; Nagao, T.; Kitanaka, S.; Yasuda, I.; Fujioka, T.;
28.6, 28.4, 24.3, 23.3, 23.2, 22.9, 21.8, 20.4, 19.1. EIMS (70 Yamagishi, T.; Cosentino, L. M.; Kozuka, M.; Okabe, H.;
eV) m/z: 540 [M]+ (3.9), 525 (5.7), 508 (23), 493 (54), 433 (35), Ikeshiro, Y.; Hu, C.-Q.; Yeh, E.; Lee, K.-H. Anti-AIDS agents.
315 (100). HREIMS Calcd for C3 3H 4sO6: 540.3451. Found: 30. Anti-HIV activity of oleanolic acid, pomolic acid, and

structurally related triterpenoids. J. Nat. Prod. 1998, 61, 1090-
540.3454. 1095.

Evaluation Methods. 1. Reagents. Recombinant mouse (4) (a) Ding, A.; Nathan, C. F.; Graycar, J.; Derynck, R.; Stuehr, D.
IFN-y (LPS content, < 10 pg/mL) was purchased from Genzyme J.; Srimal, S. Macrophage deactivating factor and transforming
(Cambridge, MA). All other chemicals were purchased from growth factors-fil, -f2, and -f3 inhibit induction of macrophage
Sigma Chemical Co. (St. Louis, MO). Inhibitory test com- nitrogen oxide synthesis by IFN-y. J. Immunol. 1990,145,940-
pounds were dissolved in DMSO before addition to cell 944. (b) Bogdan, C.; Paik, J.; Vodovotz, Y.; Nathan, C. Contrast-

ing mechanisms for suppression of macrophage cytokine release
cultures; final concentrations of DMSO were 0.1% or less. by transforming growth factor-f and interleukin-10. J. Biol.
Controls with DMSO alone were run in all cases. Chem. 1992, 267, 23301-23308.

2. Cell Culture. To obtain primary macrophages, female (5) Honda, T.; Gribble, G. W.; Suh, N.; Finlay, H. J.; Rounds, B. V.;
CD-1 mice, 5-10 weeks of age (Charles River Breeding Bore, L.; Favarolo, F. G., Jr.; Wang, Y.; Sporn, M. B. Novel
Laboratories, Wilmington, MA), were injected intraperitoneally synthetic oleanane and ursane triterpenoids with various enone

functionalities in ring A as inhibitors of nitric oxide production
with 2 mL of 4% thioglycollate broth (Difco Laboratories, in mouse macrophages. J. Med. Chem. 2000, 43, 1866-1877.Detroit, MI). Four days after injection, peritoneal macrophages (6) Because the following paper reported that H20 2-acetic acid
were harvested and processed according to Nathan's procedure.4b oxidation of methyl 3fi-acetoxyurs-12-en-28-oate did not give
Cells were seeded in 96-well plates at 2 x 105 cells/well and methyl 3f-acetoxy-12-oxoursan-28-oate (cf. 49), we have not
incubated for 48 h with 20 ng/mL IFN-y in the presence or designed and synthesized various ursane triterpenoids with a
absence of inhibitory test compounds carbonyl group at C-12 (cf. for example: 9, 10, 16, 17, 25, and

26): Tkachev, A. V.; Denisov, A. Y.; Gatilov, Y. V.; Bagryan-
3. Measurement of NO Production in Mouse Macro- skaya, I. Y.; Shevtsov, S. A.; Rybalova, T. V. Stereochemistry of

phages. Nitrite accumulation was used as an indicator of NO hydrogen peroxide-acetic acid oxidation of ursolic acid and
production in the medium and was assayed by the Griess related compounds. Tetrahedron 1994, 50, 11459-11488.
reaction.40 Griess reagent (100 uL) was added to 100 pL of each (7) Wrzeciono, U.; Zaprutko, L.; Budzianowski, J.; Wojtowicz, H.;
supernatant from IFN-y or inhibitory test compound-treated Dubowska, D. Triterpenoids Part II - Carbon-13 NMR spectra
cells in triplicate. The protein determination was performed of 18f- and l8ac-11-oxooleanolic acid derivatives. Magn. Reson.

Chem. 1987, 25, 223-226.by Bradford protein assay. The plates were read at 550 nm (8) Sharpless, K. B.; Lauer, R. F.; Teranishi, A. Y. Electrophilic and
against a standard curve of sodium nitrite. nucleophilic organoselenium reagents. New routes to acf-

unsaturated carbonyl compounds. J. Am. Chem. Soc. 1973, 95,
Acknowledgment. We thank Drs. Carl Nathan and 6137-6139.

Qiao-wen Xie for expert advice on the preparation of (9) Dean, P. D. G. Halogenolysis of methyl glycyrrhetate withlithium iodide-dimethylformamide. J. Chem. Soc. C 1965,6655.
macrophages and the nitric oxide assay. We also thank (10) Barton, D. H. R.; Holness, N. J. Triterpenoids. Part V. Some
Dr. Steven Mullen (University of Illinois), Dr. Mary K. relative configurations in rings C, D, and E of the fi-amyrin and

the lupeol group of triterpenoids. J. Chem. Soc. 1952, 78-92.Young and Mr. Ron New (UC Riverside), Dr. Stephen (11) Halogenolysis of 13 and 33 with LiI in DMF did not give f,y-
W. Wright (Pfizer), Dr. Timothy C. Barden (American unsaturated ketones which correspond to 15 and 35.
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(12) Ruzicka, L.; Cohen, S. L. Polyterpene und Polyterpenoide CXIII. (27) This adduct 72 could not be isolated in pure state because it
Oxydationen in der Reihe der Oleanolsa.ure ohne Sprengung des was readily transformed into 28 under purification conditions.
Ringaystems. X~ber die Natur des vierten Sauerstoffatoms der Although this adduct was shown to be the single tautomer as
Glycyrrhetinsture. Helv. Chim. Acta 1937, 20, 804-808. depicted in Scheme 6 by 1H NMR, the configuration of methoxy

(13) It was confirmed by a NOSEY experiment in CDCls that the group at C-1 is unknown. Cf.: When we prepared 2-methoxy-
proton at C-13 of 49 [6 2.61 ppm (d, J = 4.4 Hz)] has a cis carbonyl-3-oxooleana-1,12-dien-28-oic acid (40) from 2-carboxy-
relationship to the #-proton at C-18 [6 2.80 ppm (ddd, J = 3.3, 3-oxooleana-1,12-dien-28-oic acid (7) under the same acidic
4.4, and 13.9 Hz)].

(14) Picard, C. W.; Sharples, K. S.; Spring, F. S. The triterpene conditions, such a Michael adduct was not obtained at all (see
resinols and related acids. Part VI. J. Chem. Soc. 1939, 1045- ref 5).1048. (28) Gagne, D.; Pons, M.; Philibert, D. RU38486: a potent antiglu-

(15) Dietrich, P.; Jeger, 0. Zur Kenntnis der Triterpene. tUberftihrung cocorticoid in vitro and in vivo. J. Steroid Biochem. 1985, 23,
von Betulin und Oleanolskure in isomere ungeskttigte Kohlen- 247-251.
wasserstoffe C2sH 4s. Hypothese iiber die Biosynthese pentacy- (29) Suh, N.; Wang, Y.; Honda, T.; Gribble, G. W.; Dmitrovsky, E.;
clischer Triterpene. Helv. Chim. Acta 1950, 33, 711-722. Hickey, W. F.; Maue, R. A.; Place, A. E.; Porter D. M.; Spinella,

(16) Although 1H and 13C NMR of 21 in CDC1s showed that it is a M. J.; Williams, C. R.; Wu, G.; Dannenberg, A. J.; Flanders, K
single isomer (see Experimental Section), the configuration of C.; Letterio, J. J.; Mangelsdorf, D. J.; Nathan, C. F.; Nguyen,
the 9,11-epoxide has not been elucidated. L.; Porter, W. W.; Ren, R. F.; Roberts, A. B.; Roche, N. S.,
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A novel synthetic triterpenoid, 2-cyano-3,12- in the weaker ability of CDDO to recruit the coac-
dioxooleana-1,9-dien-28-oic acid (CDDO), previ- tivator CREB-binding protein, CBP, to PPARV. Our
ously reported to have potent differentiating, anti- results establish the triterpenoid CDDO as a mem-
proliferative, and antiinflammatory activities, has ber of a new class of PPARy ligands. (Molecular
been identified as a ligand for the peroxisome pro- Endocrinology 14: 1550-1556, 2000)
liferator-activated receptor y (PPARy). CDDO in-
duces adipocytic differentiation in 3T3-L1 cells,
although it is not as potent as the full agonist of INTRODUCTION
PPARy, rosiglitazone. Binding studies of CDDO to
PPARV, using a scintillation proximity assay give a
K, between 10-8 to 10-7 M. In transactivation as- Triterpenoids are a large family of structures synthesized
says, CDDO is a partial agonist for PPARV. The in plants through the cyclization of squalene and have
methyl ester of CDDO, CDDO-Me, binds to PPAR, been used in traditional Asian medicine for centuries (1).
with similar affinity, but is an antagonist. Like other Naturally occurring triterpenoids like oleanolic acid (OA)
PPAR, ligands, CDDO synergizes with a retinoid X and ursolic acid (UA) are known to have relatively weak
receptor (RXR)-specific ligand to induce 3T3-L1 antiinflammatory and anticarcinogenic activities (2, 3). To
differentiation, while CDDO-Me is an antagonist in increase their usefulness, we have synthesized a series
this assay. The partial agonism of CDDO and the of novel derivatives of OA and UA and have shown that
antagonism of CDDO-Me reflect the differences in some derivatives of OA are much more potent than the
their capacity to recruit or displace cofactors of parent compound in suppressing the induction of the
transcriptional regulation; CDDO and rosiglitazone enzymes, inducible nitric oxide synthase (iNOS) and cy-
both release the nuclear receptor corepressor, clooxygenase-2 (COX-2) (4-6). The most active of these
NCoR, from PPARy, while CDDO-Me does not. The synthetic derivatives, 2-cyano-3,12-dioxooleana-1,9-
differences between CDDO and rosiglitazone as dien-28-oic acid (CDDO) (Fig. 1), is not only antiinflam-

matory, but also has potent antiproliferative and differ-either partial or full agonists, respectively, are seen etaigatvte 7 )
entiating activities (7, 8).

0888-8809/00/$3.00/0 One of the effects of CDDO on differentiation can be
Molecular Endocrinology 14(10): 1550-1556 easily measured by its ability to convert 3T3-L1 fibro-
copyright © 2000 by The Endocrine Society
Printed in U.S.A. blasts into mature adipocytes (8). These fibroblasts un-

1550
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dergo dramatic morphological and biochemical changes recruitment or displacement of different cofactors that
upon induction of differentiation and accumulate triglyc- either enhance or suppress transcription (17). In partic-
eride (9). 'The classic inducers for this process have been ular, the binding of an agonist to nuclear receptors re-
a combination of 1-methyl-3-isobutyl xanthine, dexa- suits in the recruitment of coactivators such as NCoA/
methasone, and insulin (MDI), although more recently, SRC-1 (nuclear receptor coactivator/steroid receptor
ligands for the peroxisome proliferator-activated recep- coactivator-1) and p300/CBP (CREB binding protein)
tor -y (PPARy) such as the thiazolidinedione, rosiglita- and leads to activation of transcription (18, 19). In con-
zone, have also been identified as potent inducers of trast, corepressors such as NCoR (nuclear receptor
adipogenic differentiation (10-12). corepressor) or SMRT (silencing mediator for retinoid

PPAR-y is a member of the nuclear receptor superfam- and thyroid hormone receptors) can suppress transcrip-
ily of transcription factors. It forms heterodimers with the tion by binding to receptors either in the absence of their
retinoid X receptor (RXR) to activate gene transcription ligands or when an antagonist is bound (20, 21).
(13-15). This cooperation is reflected in the ability of Here we demonstrate that the adipogenic effect of
PPARy and RXR ligands to synergize in the induction of CDDO is due to its binding to PPARy. It not only
adipocyte differentiation (16). Furthermore, binding of induces differentiation as a single agent, but also acts
ligands to nuclear receptors such as PPARy results in the synergistically with an RXR-specific ligand. Binding

and transactivation studies indicate that CDDO is a
partial agonist for PPARy. We also report that the C-28
methyl ester of CDDO, CDDO-Me (6, 7), is a PPARy
antagonist, and that these opposite activities of CDDO

and CDDO-Me can be explained by their differential
13,H COOR effects on the interactions of cofactors with PPARy.

NC:2- oi218

0 RESULTS

CDDO Induces Differentiation in 3T3-LI Cells
R = H (CDDO)
R = CH3 (CDDO-Me) To induce adipocytic differentiation, 3T3-L1 fibro-

Fig. 1. Chemical Structures of CDDO and CDDO-Me blasts were treated with MDI mix (Fig. 2B), or rosigli-

A C V. .... "
• , . .' . ,- : j, ,: • .. . ... . .. .

Fig. 2. CDDO Induces Accumulation of Triglyceride in 3T3-L1 Cells

3T3-L1 cells were differentiated as described in Materials and Methods and stained on day 6. Triglyceride was stained with Oil
Red 0, and nuclei were counterstained with hematoxylin. A, Cells maintained in DMEM/10% FBS for 6 days. B-F, Cells
differentiated with MIDI (B), 0.1 A•m (C) or 1 A.tm (D) CDDO, 0.1 AJm (E) or 1 Am (F) rosiglitazone,
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tazone at 100 nM (Fig. 2E) or 1 tM (Fig. 2F) for 2 days. 100 nM rosiglitazone (Fig. 3B). Even though CDDO also
Accumulation of triglyceride droplets was evident on inhibits differentiation at 1 /uM, at concentrations where
the sixth day, as shown by positive staining with Oil it acted as a differentiating agent (100 nM or lower), it
Red 0. Treatment with CDDO (100 nM), however, in- did not inhibit differentiation induced by rosiglitazone
duced differentiation more slowly and less effectively and its activity was additive to that of the full agonist
(Fig. 2C); the percentage of differentiated cells was (data not shown).
approximately 30% by day 6 (Fig. 2C) and peaked at
50% by day 8 (not shown). Interestingly, unlike rosigli- CDDO Binds to and Transactivates PPARy
tazone at 1 tLM (Fig. 2F), a higher dose of CDDO (1 gLM)
was not effective (Fig. 2D), even when evaluated at day The adipogenic effect of CDDO suggested that it
10. In fact, this higher dose was inhibitory to differen- might be a ligand for PPARy. Therefore, binding stud-

tiation induced by MDI or rosiglitazone (data not ies were performed using a scintillation proximity as-

shown). say (SPA), which has been successfully used in the
To quantify the degree of differentiation, the enzyme study of PPARs and their ligands (23). Using this as-

glycerol-3-phosphate dehydrogenase (GPDH), a key say, CDDO and rosiglitazone were shown to compete
enzyme in triglyceride synthesis, was used as a marker for bound SH-CDDO, with Ki values of 310 nM and 50
(22). GPDH activity correlated well with visual detec- nM, respectively (Fig. 4). Importantly, the presence of

tion of triglyceride droplets under the light microscope. dithiothreitol (DTT) in the binding buffer interfered with
Cells treated with CDDO were assayed for GPDH ac- CDDO binding to PPARy. We repeated these experi-
tivity on day 8 while those treated by rosiglitazone or ments using 3H-rosiglitazone as the ligand and non-
MDI were assayed on day 6, as shown in Fig. 3A, radioactive CDDO or CDDO-Me as competitors.
which confirms that CDDO is a weaker inducer than Again, the presence of ODTT blocked the ability of either
MDI or rosiglitazone, and that it has no adipogenic CDDO or CDDO-Me to compete for binding to PPARy;
activity at 1 j/M. The C-28 methyl ester of CDDO, the K, values in this assay were determined to be 12 nM
CDDO-Me, did not induce differentiation in 3T3-L1 for CDDO and 130 nM for CDDO-Me (Fig. 5 and Table
cells at all concentrations tested on day 8 (Fig. 38). 1). Both triterpenoids were also tested for binding to
Furthermore, it acted in a dose-dependent manner as PPARa, either in the presence or absence of DTT, and
an antagonist and inhibited differentiation induced by neither binds to PPARa (Table 1).

To determine whether bound CDDO can transacti-
vate PPAR-y, a Gal4-PPARy chimeric protein was used

A
"63 A. B.

3 300 KI=31onM 300- Ki=50nM

2 250 25o0

200 200-
L I.T5 15-o

o 100- G10S• -50- 50-101]

-10-9-8 7-6 -10 - - 0 -7 6 MDI 00-
0.1 1 10 100 1000 10000 0.1 1 10 100 1000 10000

CDDO (log M) Rosfgiltazone (log M)
CDDO (nM) Rosiglitazone (nM)

B 1.8 Fig. 4. CDDO Binds to PPAR-yo] -Rosiglltazone

IlRgoslglltazone (lOonM) Nonradioactive CDDO (A) or rosiglitazone (B) was used to
compete for binding to PPAR-y using 50 nM 3H-CDDO as the*8

_ 1.2 ligand. The assays were performed in the absence of 10 mM
>o, DTT.

0.e A. B.

0 250 KI12nM 250' KI=130nM
200 200

0.0o T 2 150 1501
Fes -6 -7 -8 0 100 100-

CDDO-Me (log M) 50 so.

01 1

Fig. 3. CDDO Induces GPDH Activity in 3T3-L1 Cells 0.1 10 1O00 100000 0.1 10 1000 100000

A, GPDH activities for cells differentiated with CDDO (0.1 CDDO (nM) CDDO-Me (nM)

nM to 1 g.M), rosiglitazone (0.1 nM to 1 gM), or MDI. Cells Fig. 5. CDDO and CDDO-Me Compete with Rosiglitazone
treated with CDDO were harvested on day 8, while those for Binding to PPAR-y
treated by rosiglitazone and MDI were harvested on day 6. B, Nonradioactive CDDO (A) or CDDO-Me (B) was used to
GPDH activities for cells differentiated with CDDO-Me (10 nM compete for binding to PPAR-y using 3H-rosiglitazone as the
to 1 g±M), in the absence or presence of 100 nm rosiglitazone, ligand. The assays were performed in the absence of 10 mm
assayed on day 6. DTT.
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Table 1. K0Values for CDDO and CDDO-Me Competing 15-deoxy-A12 '14-PGJ 2 (15d-PGJ 2) (24, 25), were

for Binding to PPARl or PPAR- Using 3H-GW2331 (35) tested in a transactivation assay for PPARa. While the

and 3H-Rosiglitazone as Ligands, Respectively PPARa ligand Wy14,643 transactivated this receptor,
hPPARa (KI, riM) hPPAR-y (KI, nM) none of the PPARy ligands did (data not shown). This

Compounds result is consistent with the fact that CDDO does not
+D1T -DTFr +DTT -D1R bind to PPARa (Table 1).

CDDO 3,000-100,000 7,600 1,000-25,000 12
CDDO-Me 1,500-21,000 12,000 1,000-13,000 130 CDDO Synergizes with an RXR-Specific Ligand to

The assays were performed in the absence or presence of 10 Induce 3T3-L1 Differentiation
mM DTT.

The above data demonstrate that CDDO is a partial
agonist for PPARy. Since PPARy is known to het-

A erodimerize with RXR and activate transcription (13,
40 26), we determined if CDDO would synergize with the

RXR-specific ligand LG100268 (27). Figure 7 shows
=-30 that although LG100268 alone at 1 AM induced only

> =slight differentiation in 3T3-L1 cells, it greatly potenti-
20 0 ates the activity of CDDO. In contrast, not only did

CDDO-Me fail to synergize with LG100268 to induce
1o differentiation, it inhibited the differentiation induced

- by the RXR ligand (Fig. 7). Unlike the GPDH assays for
p04

0.1 CDDO in Fig. 3A, this experiment was performed on
CDDO (nM) day 6 to minimize the differentiating effect of CDDO

B 120 and maximize the level of synergism between CDDO
and LG100268.

S100

0o CDDO and CDDO-Me Differentially Recruit

60 Cofactors to PPARy

40
To further explore the mechanisms of action of CDDO20• jo and CDDO-Me, a mammalian two-hybrid system was

0 DMSO Roalgl- 1000 300 100 30 10 3 used to examine the ability of CDDO or CDDO-Me to
tazone CDDO (nM) recruit the coactivator, CBP, to PPARy or to release

Fig. 6. 0000 Activates PPARy-Oriven Transcription the corepressor, NCoR, from it; rosiglitazone is known
A, CV-1 cells were transfected with the Gal4-PPARy chi- to have both of these activities (28). Figure 8A shows

meric protein as described previously (28). Activity of the that rosiglitazone recruits CBP to PPARy in a dose-
reporter, SPAP, was measured by absorbance at 405 nM. B, dependent manner, as expressed by the level of ex-
HeLa cells were transfected with wild-type PPAR-y and a pression of the reporter gene chloramphenicol acetyl-
luciferase construct driven by a PPRE derived from the acyl- transferase (CAT) normalized against 03-gal activity.
CoA oxidase gene promoter. In both panels A and B, reporter
activities, normalized against 3-gal, are expressed in refer-
ence to that found for 1 J.AM rosiglitazone (100%).

0.9 -'LG268
S" 0 +LG26 1pM

to drive the expression of secreted placental alkaline . 0.

phosphatase (SPAP) linked to the DNA binding se- 15 i
quence of Gal4. Figure 6A shows that CDDO transac- O=a
tivates Gal4-PPARy in a dose-dependent manner, al- a 0.3
though the maximal level of transactivation achieved
by CDDO was only 26% of that obtained with rosigli-
tazone (1 g.,M). We also tested the ability of CDDO to 0.0 A
transactivate the wild-type PPAR receptor in the con-0.01 0.1

trnaciat hewldtpePA~ ecpori teco-CDDO (puM) CDDO-Me (puM)

text of a natural PPARy response element (PPRE) de-

rived from the acyl-CoA oxidase gene promoter (13). Fig. 7. CDDO Synergizes with LG100268 to Induce 3T3-L1

CDDO had 57% of the maximal activity obtained with Differentiation
3T3-L1 cells were differentiated and GPDH activity was

1 /.LM rosiglitazone in this system (Fig. 6B). 0000-Me, assayed as described in Materials and Methods. Shown are
which also bound to PPARy with high affinity, did not GPDH activities of cells differentiated with CDDO or
transactivate PPARy in either system (data not CDDO-Me (0.01 j.AM or 0.1 AM), in the absence or presence of
shown). To ensure the specificity of this transactiva- 1 AM LG100268, assayed on day 6 (different from those
tion, CDDO, rosiglitazone, and another PPARy ligand, obtained for CDDO in Fig. 3A, which was done on day 8).
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A. (CBP.PPARy) B. (NCoR.PPARy) Binding competition assays, using labeled CDDO or
rosiglitazone, indicate that CDDO is a ligand for

CAT/0-gal CAT/-ga PPARy, and that this binding could transactivate both

600100 : 'CZ7the Gal4-PPARy chimeric and wild-type receptor. The
600 8o functional interaction of CDDO with PPARy has been

4o0 60 further confirmed by the ability of CDDO to synergize
40 with a ligand specific for RXR; RXR and PPARy are

200 20 known to form functional heterodimers (13). Further
00 studies on cofactor interactions are consistent with the

0 0.003 0.01 0.03 0.1 0.3 1 0 0.003 0.01 0.03 0.1 0.3 1 observation that CDDO is a partial agonist for PPARy

Concentrations (pM) and that its methyl ester is an antagonist.

Fig. 8. CDDO and CDDO-Me Differentially Recruit Cofactors Two interesting observations in this study warrant
COS-1 cells were transfected as described in Materials further discussion. One is the biphasic dose response

and Methods. Without ligands, there is little interaction be- of CDDO in the induction of 3T3-L1 differentiation. At
tween CBP with PPARy, but the association between NCoR 1 JIM, CDDO not only failed to induce differentiation
and PPARy is strong (28). For comparison purposes, these (Fig. 3A), but it could also inhibit those induced by all
figures are expressed using the normalized CAT activities of other known inducers tested, including MDI, rosiglita-
those without ligands as 100. A, Dose-dependent recruitment zone, or RXR-specific ligands (data not shown); the
of CBP to PPARy by rosiglitazone (*), CDDO (0), or mechanism of this inhibition is unknown. However,
CDDO-Me (A,). CDDO-Me was toxic to COS-1 cells at 1 Aim, based on our studies of CDDO in different biological
so the highest dose used was 0.3 AM. B, Effects of differentdoses of the same ligands on N~oF/PPARy, interaction, systems (8), CDDO was shown to be a multifunctional

molecule and could be interacting with cellular targets
other than PPARy to inhibit the differentiation process.

CDDO also recruits CBP to PPARy in a dose-depen- This characteristic is not unique to CDDO. Recent

dent manner, but much less so than rosiglitazone, studies of another well known PPARy ligand, 15-de-

CDDO-Me is also a weaker recruiter of CBP in the oxy-A' 2" 4 -PGJ2 (15d-PGJ 2), indicate the presence of

concentrations tested. A maximum of 0.3 [km other cellular targets, namely components of the nu-

CDDO-Me was used since 1 Jim CDDO-Me was toxic clear factor-KB (NF-KB pathway), for this prostaglan-

to the COS-1 cells used in the transfection assay. We din (29, 30). The antiinflammatory activities of 15d-

then tested the ability of PPARy, when bound with PGJ 2, in terms of its ability to suppress reporter

CDDO and CDDO-Me, to interact with the corepressor expression driven by NF-KB or AP-1 elements, have

NCoR. Unlike coactivators, the two-hybrid system in- been shown to be dependent on PPARy (30).

dicates that NCoR interacts with PPARy in the ab- The second observation is the different binding con-

sence of ligands (28). When rosiglitazone was added, ditions CDDO and rosiglitazone require in the in vitro

however, NCoR was released from PPARy in a dose- binding studies. Unlike the results obtained with ros-

dependent manner (Fig. 8B), leading to a decrease in iglitazone, the presence of DTT interfered with the

CAT reporter expression. Interestingly, CDDO, al- binding of CDDO to PPARy. Due to the presence of an

though only a partial agonist, was equally capable of a,p3-unsaturated carbonyl function in the A-ring of
releasing NCoR from PPARy (Fig. 8B). CDDO-Me, CDDO, we searched for direct adduct formation be-relesin N~R fom PA~y(Fi. 8). DDOMe, tween CDDO and OTT but found none. Although we
which does not transactivate PPARy, did not lead to a coul d nstt no cov nt bond Ation be
dissociation of the corepressor (Fig. 8B). could demonstrate no covalent bond formation be-

tween CDDO and DTT, it is still possible that a revers-

ible noncovalent interaction exists. Again, this sensi-
tivity to DTT is not unique to CDDO. 15d-PGJ 2 has

DISCUSSION also been shown to be sensitive to thiol groups found
in DTT or cysteine (29, 30), although there is no con-

Previous studies have shown that CDDO is a multi- vincing chemical evidence to support the notion that a
functional agent, with marked antiinflammatory, anti- covalent adduct is found between 15d-PGJ 2 and
proliferative, and differentiating activities, as shown by these agents.
studies in a wide variety of cells (8). It is therefore The molecular coordinates of the interaction of
important to understand the mechanisms of action of CDDO with PPARy remain to be determined. It would
this molecule. Although the present studies do little to appear that a free -COOH group at C-28 is important
elucidate the antiinflammatory and antiproliferative ac- for agonistic activity in the 3T3-L1 cells, since the
tivities of CDDO, they do provide the first data that methyl ester of CDDO acts as an antagonist in this
explain some of its ability to control cell differentiation, system. Thus, in 3T3-L1 cells, we have shown that
at least in the context of the conversion of 3T3-L1 CDDO-Me can block the differentiating effects of ros-
fibroblasts to adipocytes. We have shown that CDDO iglitazone and the RXR-specific ligand, LG100268, as
is an effective agent for adipogenic conversion of well as those of CDDO itself (data not shown). Al-
3T3-L1 fibroblasts, although it is less active than a though CDDO-Me binds to PPARy, it does not trans-
prototypical PPARy ligand such as rosiglitazone. activate the receptor, which may be the result of its
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failure to cause release of a corepressor such as 10% FBS. Cells grown to confluency (day -2) were kept for

NCoR. Given the fact that CDDO is also an inhibitor of two more days before agents were added (day 0). For MDI

differentiation at 1 JIm, the mechanisms of the inhibi- treatment, 0.5 mm 1-methyl-3-isobutyl xanthine, 0.25 gM
dexamethasone, and 0.35 gim insulin were used for 2 days.

tory actions of CDDO-Me at the same concentration Cells were then cultured in DMEM/10% FBS/insulin for the

could be attributed to either a direct antagonism of rest of the differentiation process. All other treatments are for
PPARy, other mechanisms independent of this recep- day 0 to day 2 only, and medium was changed every 2 days.

tor, or both. It is also important to note that at con- For Oil Red O staining, cells were fixed in 10% formaldehyde
for 1 h and stained with Oil Red 0 for 2 h. The nuclei were

centrations higher than 1 AIM, CDDO-Me becomes counterstained with hematoxylin and photographed. Lysis
toxic to many cells and thus should not be used at buffer for GPDH analysis includes 50 mm Tris, pH 8, 100 mM
those doses to attribute the activities to the antago- NaCI, 0.5% NP-40, 1 mm D'"TT and was supplemented with 1
nism of PPARy. mM phenylmethylsulfonylfluoride, 10 J.g/ml each of leupeptin

and aprotinin. GPDH enzyme activity was measured as theAlthough the results we described here provide a rea- cnupino . riND t30n sn . MDA
consumption of 0.2 mm NADH at 340 nM using 0.2 mm DHAP

sonable explanation for the differentiating effects of as the substrate (22).

CDDO on 3T3-L1 cells, they do not account for other
notable activities of CDDO, particularly its ability to sup- Transfection Assays
press the expression of the enzyme iNOS in macro-
phages. Neither do they explain the ability of CDDO to For Gal4-PPARy transactivation studies, CV-1 cells were
act as a potent antiproliferative agent on a wide variety of transfected as described previously (28). Wild-type PPARy
tumor cells or to induce differentiation in leukemia cells. transfections were performed in HeLa cells using Lipo-

Thus, we have found that while CDDO can suppress fectamine Plus (Life Technologies, Inc., Gaithersburg, MD)
according to manufacturer's instructions. Percentage of

iNOS expression in macrophages at doses below 1 riM, transactivation was normalized against 1 AJM rosiglitazone.

a number of PPARy ligands, including rosiglitazone and For mammalian two-hybrid assays, COS-1 cells in 24-well
15d-PGJ 2 , are inactive in this assay at concentrations plates were transfected using Lipofectamine Plus. Twenty

below 1 JiM (our unpublished data and Refs. 31 and 32). nanograms of CMX-p3-gal, 60 ng pG5-CAT, 60 ng VP16-
PPARy2, and 60 ng Gal4-cofactors were used for each well.

Furthermore, unlike CDDO, thiazolidinediones such as Ligands were added 4 h after transfection; CAT and P3-gal
rosiglitazone do not induce differentiation in leukemia activities were measured 40 h later.
cells (our unpublished data). Given the diverse biological
activities of CDDO in these systems, we are therefore left SPA Binding Assays
with the conclusion that it is likely that another functional
receptor system (or systems) beyond PPARy remain to The details of SPA assays have been published elsewhere
be identified for CDDO, if we wish to understand the (34). In brief, human PPARy ligand-binding domain was ex-
mechanism of action of this agent in cells other than pressed in Escherichia coil as a polyhistidine-tagged fusion

protein. The protein was purified, biotinylated, and immobi-3T3-L1. The identification of PPARy as a receptor for lized on streptavidin-modified SPA beads. DTT was washed
CDDO represents the first important step in our under- away and binding assays were performed in 50 mm HEPES,
standing of the actions of CDDO, but it is only a begin- pH 7, 50 mm KCI, 5 mm 3-[(3-cholamidopropyl)dimethylam-

ning in this intriguing problem. monio]-l -propane sulfonate (CHAPS), and 0.1 mg/ml BSA.
When DTT was used, its concentration was 10 mM.

MATERIALS AND METHODS Acknowledgments

Received March 3, 2000. Revision received June 26, 2000.
Reagents and Plasmids Accepted July 20, 2000.

Address requests for reprints to: Michael B. Sporn, M. D.,
The synthesis of CDDO and its methyl ester have been de- Department of Pharmacology, Dartmouth Medical School,
scribed previously (7). 3H-CDDO (6 Ci/mmol) was prepared by Hanover, New Hampshire 03755. E-mail: Michael.Sporn@
tritium exchange at the C-13 position with tritium oxide in the dartmouth.edu.
presence of triethylamine in chloroform, and the synthesis of Y.W. is a predoctoral fellow of the Howard Hughes Medical
3H-rosiglitazone (26 Ci/mmol) has been described previously Institute (HHMI). W.W. P. is an associate and D.J.M. is an
(33). pCMX-mPPARa, pCMX-mPPARy1, PPREx3-tk-Luc Investigator of the HHMI. This work was supported by HHMI
(13); pSG5-Gal4-mPPARa-LBD, pCMX-Gal4-mPPARy1-LBD, (D.J.M.), the Robert A. Welch Foundation (D.J.M.), and the
MLH100x4-tk-Luc (25); and Gal4-CBP, Gal4-NCoR, VP16- NIH (SPORE on Lung Cancer, D.J.M.), as well as grants to
PPARy,2 (28) have been previously described. 1-Methyl-3- Dartmouth Medical School from the NIH (R01 CA-78814) and
isobutyl xanthine, dexamethasone, /3-nicotinamide adenine the National Foundation for Cancer Research. M.B.S. is an
dinucleotide (NADH), and dihydroxyacetone phosphate (DHAP) Oscar M. Cohn Professor.
were obtained from Sigma (St. Louis, MO). Insulin was pur- These authors contributed equally to this work.
chased from Biofluids (Rockville, MD). LG100268 was obtained
from Dr. Richard Heyman (Ugand Pharmaceuticals, Inc., San
Diego, CA). Reagents for SPA assays have been described (34).

3T3-L1 Differentiation and Analysis REFERENCES

3T3-L1 cells were obtained from Dr. Gustav Lienhard (Dart- 1. Tang W, Eisenbrand G 1992 Chinese Drugs of Plant
mouth Medical School, Hanover, NH). Cells were propagated Origin: Chemistry, Pharmacology, and Use in Traditional
in DMEM/5% calf serum (CS) and differentiated in DMEM/ and Modern Medicine. Springer-Verlag, Berlin



MOL ENDO - 2000 Vol. 14 No. 10
1556

2. Nishino H, Nishino A, Takayasu J, Hasegawa T, Iwashima 20. Horlein AJ, Naar AM, Heinzel T, Torchia J, Gloss B,
A, Hirabayashi K, Iwata S, Shibata S 1988 Inhibition of Kurokawa R, Ryan A, Kamei Y, Soderstrom M, Glass CK,
the tumor-promoting action of 12-O-tetradecanoylphor- Rosenfeld MG 1995 Ligand-independent repression by
bol-1 3-acetate by some oleanane-type triterpenoid com- the thyroid hormone receptor mediated by a nuclear
pounds. Cancer Res 48:5210-5215 receptor co-repressor. Nature 377:397-404

3. Huang MT, Ho CT, Wang ZY, Ferraro T, Lou YR, Stauber K, 21. Chen JD, Evans RM 1995 A transcriptional co-repressor
Ma W, Georgiadis C, Laskin JD, Conney AH 1994 Inhibition that interacts with nuclear hormone receptors. Nature
of skin tumorigenesis by rosemary and its constituents car- 377:454-457
nosol and ursolic acid. Cancer Res 54:701-708 22. Wise LS, Green H 1979 Participation of one isozyme of

4. Honda T, Finlay HJ, Gribble GW, Suh N, Sporn MB 1997 cytosolic glycerophosphate dehydrogenase in the adi-
New enone derivatives of oleanolic acid and ursolic acid pose conversion of 3T3 cells. J Biol Chem 254:273-275
as inhibitors of nitric oxide production in mouse macro- 23. Xu HE, Lambert MH, Montana VG, Parks DJ, Blanchard
phages. Bioorg Med Chem Lett 7:1623-1628 SG, Brown PJ, Sternbach DD, Lehmann JM, Wisely GB,

5. Honda T, Rounds BV, Bore L, Favaloro Jr FG, Gribble Willson TM, Kliewer SA, Milburn MV 1999 Molecular rec-
GW, Suh N, Wang Y, Sporn MB 1999 Novel synthetic ognition of fatty acids by peroxisome proliferator-acti-
oleanane triterpenoids: a series of highly active inhibitors vated receptors. Mol Cell 3:397-403
of nitric oxide production in mouse macrophages. Bioorg 24. Forman BM, Tontonoz P, Chen J, Brun RP, Spiegelman
Med Chem Lett 9:3429-3434 BM, Evans RM 1995 15-Deoxy-A 12 '14 -prostaglandin J 2 is

6. Suh N, Honda T, Finlay HJ, Barchowsky A, Williams C, a ligand for the adipocyte determination factor PPARy.
Benoit NE, Xie QW, Nathan C, Gribble GW, Sporn MB Cell 83:803-812
1998 Novel triterpenoids suppress inducible nitric oxide 25. Kliewer SA, Lenhard JM, Willson TM, Patel I, Morris DC,
synthase (iNOS) and inducible cyclooxygenase (COX-2) Lehmann JM 1995 A prostaglandin J 2 metabolite binds
in mouse macrophages. Cancer Res 58:717-723 peroxisome proliferator-activated receptor -y and pro-

7. Honda T, Rounds BV, Gribble GW, Suh N, Wang Y, Sporn motes adipocyte differentiation. Cell 83:813-819
MB 1998 Design and synthesis of 2-cyano-3,12-di- 26. Mukherjee R, Davies PJ, Crombie DL, Bischoff ED, Ce-
oxoolean-1,9-dien-28-oic acid, a novel and highly active sario RM, Jow L, Hamann LG, Boehm MF, Mondon CE,
inhibitor of nitric oxide production in mouse macro- Nadzan AM, Paterniti Jr JR, Heyman RA 1997 Sensitiza-
phages. Bioorg Med Chem Left 8:2711-2714 tion of diabetic and obese mice to insulin by retinoid X

8. Suh N, Wang Y, Honda T, Gribble GW, Dmitrovsky E, receptor agonists. Nature 386:407-410
Hickey WF, Maue RA, Place AE, Porter DM, Spinella MJ, 27. Boehm MF, Zhang L, Zhi L, McClurg MR, Berger E,
Williams CR, Wu G, Dannenberg AJ, Flanders KC, Let- Wagoner M, Mais DE, Suto CM, Davies JA, Heyman RA,
terio JJ, Mangelsdorf DJ, Nathan CF, Nguyen L, Porter et al. 1995 Design and synthesis of potent retinoid X
WW, Ren RF, Roberts AB, Roche NS, Subbaramaiah K, receptor selective ligands that induce apoptosis in leu-
Sporn MB 1999 A novel synthetic oleanane triterpenoid, kemia cells. J Med Chem 38:3146-3155
2-cyano-3,12-dioxoolean-1,9-dien-28-oic acid, with po- 28. Oberfield JL, Collins JL, Holmes CP, Goreham DM, Coo-
tent differentiating, antiproliferative, and anti-inflamma- per JP, Cobb JE, Lenhard JM, Hull-Ryde EA, Mohr CP,

toyatvt.Cancer Res 59:336-341peJPCobJLnadJul-yeEMhC,tory activity. CBlanchard SG, Parks DJ, Moore LB, Lehmann JM, Plun-
9. Green H, Kehinde 0 1974 Sublines of mouse 3T3 cells ket K, Miller AB, Milburn MV, Kiewer SA, Willson TM

that accumulate lipid. Cell 1:113-116 k9t A MeroAB, Milbrnli ew er y lln
10. Tontonoz P, Hu E, Graves RA, Budavari Al, Spiegelman 1999 A peroxisome proliferator-activated receptor li-

BM 1994 mPPAR12: tissue-specific regulator of an adi- gand inhibits adipocyte differentiation. Proc Natl Acad
pocyte enhancer. Genes Dev 8:1224-1234 29 R

11. Loftus TM, Lane MD 1997 Modulating the transcriptional 29. Rossi A, Kapahi P, Natoli G, Takahashi T, Chen Y, Karin

control of adipogenesis. Curr Opin Genet Dev 7:603-608 M, Santoro MG 2000 Anti-inflammatory cyclopentenone

12. Lehmann JM, Moore LB, Smith-Oliver TA, Wilkison WO, prostaglandins are direct inhibitors of IKB kinase. Nature

Willson TM, Kliewer SA 1995 An antidiabetic thiazo- 403:103-108

lidinedione is a high affinity ligand for peroxisome prolif- 30. Straus DS, Pascual G, Li M, Welch JS, Ricote M, Hsiang

erator-activated receptor -y (PPAR,). J Biol Chem 270: CH, Sengchanthalangsy LL, Ghosh G, Glass CK 2000

12953-12956 15-deoxy-A 12 '14 -prostaglandin J 2 inhibits multiple steps

13. Kliewer SA, Umesono K, Noonan DJ, Heyman RA, Evans in the NF-KB signaling pathway. Proc Natl Acad Sci USA

RM 1992 Convergence of 9-cis retinoic acid and peroxi- 97:4844-4849

some proliferator signalling pathways through heterodimer 31. Ricote M, Li AC, Willson TM, Kelly CJ, Glass CK 1998 The

formation of their receptors. Nature 358:771-774 peroxisome proliferator-activated receptor--/ is a negative

14. Willson TM, Brown PJ, Sternbach DD, Henke BR 2000 regulator of macrophage activation. Nature 391:79-82

The PPARs: from orphan receptors to drug discovery. 32. Jiang C, Ting AT, Seed B 1998 PPAR-y agonists inhibit
J Med Chem 43:527-550 production of monocyte inflammatory cytokines. Nature

15. Mangelsdorf DJ, Evans RM 1995 The RXR heterodimers 391:82-86
and orphan receptors. Cell 83:841-850 33. Willson TM, Cobb JE, Cowan DJ, Wiethe RW, Correa ID,

16. Schulman IG, Shao G, Heyman RA 1998 Transactivation Prakash SR, Beck KD, Moore LB, Kliewer SA, Lehmann
by retinoid X receptor-peroxisome proliferator-activated JM 1996 The structure-activity relationship between per-
receptor y (PPAR-) heterodimers: intermolecular synergy oxisome proliferator-activated receptor y agonism and
requires only the PPAR-y hormone-dependent activation the antihyperglycemic activity of thiazolidinediones.
function. Mol Cell Biol 18:3483-3494 J Med Chem 39:665-668

17. Xu L, Glass CK, Rosenfeld MG 1999 Coactivator and 34. Nichols JS, Parks DJ, Consler TG, Blanchard SG 1998
corepressor complexes in nuclear receptor function. Development of a scintillation proximity assay for perox-
Curr Opin Genet Dev 9:140-147 isome proliferator-activated receptor -y ligand binding

18. Onate SA, Tsai SY, Tsai MJ, O'Malley BW 1995 Sequence domain. Anal Biochem 257:112-119
and characterization of a coactivator for the steroid her- 35. Kliewer SA, Sundseth SS, Jones SA, Brown PJ, Wisely
mone receptor superfamily. Science 270:1354-1357 GB, Koble CS, Devchand P, Wahl! W, Willson TM, Len-

19. Chakravarti D, LaMorte VJ, Nelson MC, Nakajima T, hard JM, Lehmann JM 1997 Fatty acids and elcosanoids
Schulman IG, Juguilon H, Montminy M, Evans RM 1996 regulate gene expression through direct interactions with
Role of CBP/P300 in nuclear receptor signalling. Nature peroxisome proliferator-activated receptors a and y.
383:99-103 Proc Nat[ Acad Sci USA 94:4318-4323



A Novel Dicyanotriterpenoid, 2-Cyano-3,12-dioxooleana-1,9(11)-dien-28-onitrile,

Active at Picomolar Concentrations for Inhibition of Nitric Oxide Production

Tadashi Honda,a Yukiko Honda, a Frank G. Favaloro, Jr.,' Gordon W. Gribble, a,*

Nanjoo Suhb Andrew E. Place, b Mara H. Rendi, b and Michael B. Sporn b, *

'Department of Chemistry, Dartmouth College, Hanover, NH 03755, U.S.A.

bDepartment of Pharmacology and Toxicology, Dartmouth Medical School, Hanover, NH

03755, U.S.A.

Corresponding authors. For GWG: Tel.: 603-646-3118; fax: 603-646-3946; e-mail:

Grib@dartmouth.edu. For MBS: Tel.: 603-650-6557; fax: 603-650-1129; e-mail:

Michael.Sporn @dartmouth.edu.

Abstract

New oleanane triterpenoids with various substituents at the C-17 position of 2-cyano-3,12-

dioxooleana- 1,9(11)-dien-28-oic acid (CDDO) and methyl 2-carboxy-3,12-dioxooleana-

1,9(11)-dien-28-oate were synthesized. Among them, 2-cyano-3,12-dioxooleana-1,9(11)-

dien-28-onitrile shows extremely high inhibitory activity (IC50 = 1 pM level) against

production of nitric oxide induced by interferon-y in mouse macrophages. This potency is

about 100 times and 30 times more potent than CDDO and dexamethasone, respectively.
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Introduction

In previous papers, we reported that 2-cyano-3,12-dioxooleana-1,9(11)-dien-28-oic acid

(CDDO) (1), its methyl ester 2 and methyl 2-carboxy-3,12-dioxooleana-1,9(11)-dien-28-

oate (3) show high inhibitory activity against production of nitric oxide (NO) induced by

interferon-y (IIFN-y) in mouse macrophages (IC5 0 = 0.1 nM level). 1"4 We also reported that

CDDO is a potent, multifunctional agent in various in vitro assays.5 For example, CDDO

induces monocytic differentiation of human myeloid leukemia cells and adipogenic

differentiation of mouse 3T3-L1 fibroblasts. CDDO also inhibits proliferation of many

human tumor cell lines, and blocks de novo synthesis of inducible nitric oxide synthase

(iNOS) and inducible cyclooxygenase (COX-2) in mouse macrophages. The above

potencies have been found at concentrations ranging from 10-6 to 10i9 M in cell culture.

Mechanism studies revealed that CDDO is a ligand for peroxisome proliferator-activated

receptor y (PPAR Y)6 and induces apoptosis in human myeloid leukemia cells.'

Modifications of rings A and C of oleanolic acid (30), a commercially available

naturally occurring triterpene, led to the synthesis of CDDO. However, we had not

modified the carboxyl group at C-17 of CDDO, which is very important from the

perspective of structure-activity relationships (SAR). Because the synthesis of CDDO

involves 11 steps from oleanolic acid, this has limited the preparation of sufficient quantities

of CDDO to allow such modifications. However, we have recently produced a sufficient

amount to be able to synthesize various CDDO derivatives with modified carboxyl groups

(i.e., nitrile, esters, glycosides, and amides) at C-17 (see Table 1). As a result, we found that

2-cyano-3,12-dioxooleana-1,9(11 )-dien-28-onitrile (4) shows extremely high inhibitory

activity (IC50 = 1 pM level) against production of NO in mouse macrophages. This potency

is about 100 times and 30 times more potent than that of CDDO and dexamethasone,

respectively. In this communication, we report the synthesis, inhibitory activity and SAR of

these new analogues.

Chemistry
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Dinitrile 4 was synthesized from CDDO by the method as shown in Scheme 1. Oxalyl

chloride gave acyl chloride 31 in quantitative yield. Amide 15 was prepared in 91% yield

from 31 with ammonia gas in benzene. Dehydration of 15 with thionyl chloride gave 4 in

89% yield.8 Because the C-17 carboxyl group of CDDO is hindered, esterifications of

CDDO with alcohols under acidic conditions were not successful. We found that a

nucleophilic substitution method using an alkyl halide and DBU in toluene (reflux)9 gives

esters 6 and 9-12 from CDDO in good yield (see Table 1). Allyl ester 8 was successfully

prepared in 83% yield from allyl bromide and CDDO using a phase-transfer catalyst."0

Amides 16-29 were synthesized in good yield by condensation reactions (Methods C-D,

see Scheme 1) between acyl chloride 31 and the corresponding amines. Tetra-O-acetyl-p3-D-

glucopyranoside 13 was prepared in 75% yield from tetra-O-acetyl-a-D-glucopyranosyl

bromide" and CDDO using a phase-transfer catalyst. '2 Because in the 'H-NMR spectrum

(300 MHz, CDC13) of 13 the anomeric proton was observed at 8 5.70 ppm (1H, d, J = 7.8

Hz), the proton was assigned the 13-configuration. Acetyl groups of 13 were removed with

saturated ammonia methanol solution to afford P-D-glucopyranoside 14 in 83% yield

(Scheme 2). In addition to these CDDO derivatives, we have synthesized derivatives of

compound 3, nitrile 5 and ethyl ester 7 (Scheme 3). Their syntheses require many more

steps than the syntheses of CDDO derivatives because the carboxyl group at C-2 must be

introduced after the carboxyl group at C-17 is modified. Acid 33 was prepared in 83%

yield by cleavage of the known methyl ester 32'4A with LiI in DMF. 13 The same sequence

as for 4 gave nitrile 34 in 25% yield (chlorination, 100%; amidation, 100%; and

dehydration, 25%). The desired nitrile 5 was synthesized in 4 steps from 34 (yield, 24%)

according to the known synthetic sequence for 32,4 (insertion of carboxyl group at C-2 of

34 with Stiles' reagent'4, followed by methylation with diazomethane, 48%; insertion of

double bond at C-1 with phenylselenenyl chloride-pyridine and subsequent H202

oxidation,' 5 followed by selective hydrolysis of the C-2 methyl ester with KOH in aqueous

methanol, 51%). Ethyl ester 35 was prepared in 99% yield by ethyl iodide and DBU in

3



toluene. The desired ethyl ester 7 was synthesized in 57% yield from 35 by the same

sequence as for 5.

Biological Results and Discussion

The inhibitory activities [IC 50 (nM) value] of new synthetic triterpenoids 4-29,"6 oleanolic

acid, and dexamethasone on NO production induced by IFN-y in mouse macrophages17 are

shown in Table 1. Dinitrile 4 shows extremely high potency (IC50 = 1 pM level);, it is about

100 times and 30 times more potent than CDDO and dexamethasone, respectively.

These results provide the following SAR about substituents at C-17.

(1) A nitrile group enhances potency. Dinitrile 4 is much more potent than 1 and 2, nitrile 5

is more potent than 3.

(2) Ester moieties decrease potency. The less polar the ester, the less is its potency. Ester

12 is much less potent than 1 and 2.

(3) Tetra-O-acetyl-D-glucopyranoside 13 is more potent than 1 and 2. D-Glucopyranoside

14 is much less potent than 1, 2, and 13. Interestingly, in this case, the more polar the

compound, the less is its potency. However, because we have only one example, we cannot

conclude that this will be a general relationship.

(4) Amide moieties decrease potency, although amide 15 and hydrazide 16 show similar

potency to those of 1 and 2. The less polar the amide, the less is its potency.

(5) Although carbonyl imidazole 28 is about 30 times more potent than 1, because this

moiety is much more reactive than the other moieties with nucleophiles, it is difficult to

compare it with the other moieties. Interestingly, the carbonyl pyrazole 29, with less

reactivity than 28, is much less potent than 1 and 28.

Some of these compounds including 4 had good in vivo antiinflammatory activity,

when given i.p. or p.o., against peritoneal inflammation induced by thioglycollate and IFN-

y. We will report these data elsewhere. Further biological evaluation of dinitrile 4 is also in

progress.
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Table 1. Synthesis and Biological Potency of New Oleanane Triterpenoids

0

21 
02H

0 H HO
H 30

compd R, R, method yield (%) IC50 (nM)'

from 1
CDDO (1) CO2H CN ref 1 and 4 0.44

2 CO 2Me CN ref 1 and 4 0.11
3 CO 2Me CO2H ref 2 and 4 9.55
4 CN CN Scheme 1 81 0.0035
5 CN CO2H Scheme 3 1.68
6 CO2Et CN A 100 0.80
7 CO2Et CO 2H Scheme 3 7.93
8 CO2CH 2CH=CH2  CN B 83 1.33
9 C0 2(CH2) ,CH3  CN A 74 6.65
10 C02-,,,A CN A 81 4.45

11 CO2CH2Ph CN A 97 4.35
12 CO(CH2 )7CH3  CN A 89 60.4
13 CO-D-Glu(OAc) 4  CN Scheme 2 75 0.070
14 CO-D-Glu CN Scheme 2 62 10.1
15 CONH2  CN Scheme 1 91 0.098
16 CONHNH 2  CN C 55 0.26
17 CONHMe CN D 93 0.58
18 CONH(CH 2)2CH3  CN D 93 1.50
19 CONH(CH2 )5 CH3  CN D 92 14.9
20 CONHPh CN D 100 28.6
21 CONHCH2Ph CN D 96 9.2
22 CONMe2  CN D 89 1.55
23 CON(n -Pr)2  CN D 85 32.9

24 CONS CN E 86 0.80

25 CONQ CN E 66 0.95

26 CON7a-INQ CN E 82 1.00

27 CON O CN E 59 2.40

28 CON CN C 83 0.014

29 CON' CN C 92 12.0

30 oleanolic acid > 40,000
dexamethasone 0.10

a IC 50 values of compounds 1-29 and dexamethasone were determined in the range of 0,01 pM-

I gM (10-fold dilutions). Values are an average of several separate experiments. None of the
compounds were toxic to primary mouse macrophages at 1 gsM.
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